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Eilmer of Malmesbury, 
An Eleventh Century Aviator 


A CASE STUDY OF TECHNOLOGICAL INNOVATION, 
ITS CONTEXT AND TRADITION 


LYNN WHITE, JR* 


RECENT HISTORIES OF AVIATION have either entirely overlooked, 
or else have garbled, the name, the probable date, and the accom- 
plishment of the first Occidental who can be shown to have flown: 
Eilmer, an Anglo-Saxon Benedictine monk of the Wiltshire Abbey 
of Malmesbury in the eleventh century.’ This neglect is doubtless 
rooted in the fact that the standard, and fairly impressive, History 
of Aeronautics in Great Britain, by John E. Hodgson, dismisses 
Eilmer’s flight as “ hardly less legendary ” than that of the Anglo- 
Saxon King Bladud,’? which is very legendary indeed and which 
has no source earlier than the notorious Geoffrey of Monmouth.* 

The evidence about Eilmer is quite different, and comes from 
his own abbey at no great interval after his death. In his De gestis 
regum Anglorum, William of Malmesbury tells us that shortly 
before the Norman invasion of England in 1066: 


“A comet, a star foretelling, they say, change in kingdoms, 
appeared trailing its long and fiery tail across the sky. Wherefore 
a certain monk of our monastery, Eilmer by name, bowed down 
with terror at the sight of the brilliant star, sagely cried ‘ Thou 
art come! A cause of grief to many a mother art thou come; I 
have seen thee before; but now I behold thee much more terrible, 
threatening to hurl destruction on this land.’ 


* Dr. White is President of the Society for the History of Technology, and he 
delivered this presidential address at the annual luncheon of the Society at the 
Belmont Plaza Hotel, New York City, December 29, 1960. Now a professor 
of history at the University of California (Los Angeles), Dr. White was formerly 
president of Mills College. His book Mediaeval Technology and Social Change 
is scheduled for publication this year. 
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“He was a man learned for those times, of ripe old age, and in 
his early youth had hazarded a deed of remarkable boldness. He 
had by some means, I scarcely know what, fastened wings to his 
hands and feet so that, mistaking fable for truth, he might fly like 
Daedalus, and, collecting the breeze on the summit of a tower, he 
flew for more than the distance of a furlong. But, agitated by the 
violence of the wind and the swirling of air, as well as by awareness 
of his rashness, he fell, broke his legs, and was lame ever after. He 
himself used to say that the cause of his failure was his forgetting 
to put a tail on the back part.” * 


William of Malmesbury was the best informed and most reliable 
historian in twelfth century England.’ The comet which provided 
the occasion for him to mention Eilmer’s escapade was Halley’s, 
the appearance of which in April, 1066, caused such a stir that it 
is pictured in the Bayeux Tapestry.* Since William was born about 
1080 and entered the Abbey of Malmesbury in his boyhood, he 
was almost certainly acquainted with monks who had known the 
halt and aged Eilmer in their own youth and who had heard from 
him and from others the account of his flight and his diagnosis of 
the cause for his crash. William’s slightly condescending reference 
to Eilmer’s erudition may have been based on perusal of astrological 
works from his pen which seem still to have existed in the sixteenth 
century * and which would account for Eilmer’s special concern 
over the comet. William completed the first three sections of his 
De gestis regum shortly after 1120.* We have no reason to doubt 
the essential accuracy of his account of Eilmer. 

What sort of contraption did Eilmer construct? Since it specifi- 
cally had wings (“pennae”), we may rule out a balloon, even 
though the Middle Ages from the ninth century at least were 
familiar with hot-air aerostats used as military signals.’ The words 
“ collectaque e summo turris aura” evoke the tragic image of the 
Saracen who in 1162 stood upon a column in the Hippodrome of 
Constantinople equipped with some sort of sail-like cloak and 
gathered the air for flight, only to crash to his death.*° But William 
says that Eilmer flew “spatio stadii et plus,” or more than 600 
feet," before falling, and this could not have been done with any 
loose quasi-parachute apparatus. We must conclude that Eilmer 
flew with rigid wings of considerable size, since they were attached 
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both to his arms and legs. Probably they were intended to flap 
like those of a bird, but were hinged in such a way that they would 
not fold upward but would soar like a glider. 

Can Eilmer’s flight be dated? In 1066 he claimed to have seen 
the same comet before, although it was now “ much more terrible.” 
Between the appearance of Halley’s comet in the spring of 1066 
and its prior appearance late in 989, only one comet, that of 1006, 
was sufficiently conspicuous to be recorded.’* But the comet of 
1006 would not have been remembered in England as the harbinger 
of new catastrophe: the years immediately following it were indeed 
filled with misery; they marked, however, no more than a continua- 
tion of the terrible second wave of Danish invasions which in fact 
had broken a long period of relative peace immediately after the 
comet of the end of 989. The onslaught of 991, the burning of 
Ipswich, and the Anglo-Saxon disaster at Maldon opened at genera- 
tion of turmoil which lasted until the victory of Canute in 1016." 
Nor can the earlier comet seen by Eilmer be identified as that of 
1006 in terms of a provincial view of disaster foretold in the 
heavens: his county of Wiltshire was ravaged in 1003 and 1005, 
but did not suffer again from major raids until 1011 and 1015. 
Eilmer was correct in identifying Halley’s comet which he had 
seen before. Assuming that he must have been at least five years 
old in 989, he was in his early 80’s in 1066. William tells us that 
he accomplished his flight “ in early youth, prima juventute,” which 
would probably mean before he was 25 years old. The flight may 
therefore reasonably be placed in the decade 1000 to 1010 A. D. 

What can have given Eilmer the idea of making a device for 
flying? For reasons already noted, he did not get it from the story 
of King Bladud, which is a bit of romancing which first appears 
a century after Filmer. It is improbable that Eilmer’s inspiration 
came from Suetonius,** who describes the fatal fall of an actor 
taking the part of Icarus in a series of mythological masques 
presented before Nero: the text indicates that this was a failure of 
theatrical machinery rather than an abortive attempt at actual flight. 
Varying versions of the legend of the flight of Simon Magus, and 
of how St. Peter’s prayers brought him tumbling, were circulated 
throughout the Middle Ages.** One of them, to be sure, indicates 
that he had flapping wings which were entangled in Peter’s ascend- 
ing supplications; ** but otherwise Simon Magus is thought to have 
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been carried aloft by demons rather than by any mechanical device. 
And, as another English churchman, Bishop Wilkins, was to point 
out six centuries after Eilmer, although demons or angels may be 
quite servicable for flight, this method of aviation must be sharp! 
distinguished from “ natural and artificial” means.** It should be 
emphasized that William of Malmesbury’s account of Eilmer 
breathes an atmosphere of approval and admiration: ’* his adventure 
was purely mechanical, without supernatural involvement. 

Were any of Eilmer’s contemporaries experimenting with flight? 
If our dating of his tower-jump between 1000 and 1010 A. D. is 
correct, there is a curious coincidence. In either 1003 or 1008 A. D. 
the great Iranian student of Arabic philology, al-Jauhari, met his 
death attempting flight by some apparatus from the roof of the 
old mosque of Nishapur in Khorosan.*® However, by about 985 
nomadic incursions had severed the trade routes from the North 
Sea-Baltic region down the Volga to the Caspian and on to Persia, 
if we may judge by the Scandinavian numismatic evidence.” It 
is therefore improbable that Eilmer had heard of al-Jauhari, or the 
latter of Eilmer. 

Perhaps some word had reached Malmesbury along the great 
pilgrimage road from Compostella of a more successful attempt 
at flight which appears to have been made in Andalusia about 
875 A.D. The Moroccan historian al-Maqgari, who died in 1632 
A.D. but who used many early sources no longer extant,” tells 
of a certain Abi’l-Qisim ‘Abbas b. Firnas who lived in Cordoba 
in the later ninth century. Ibn Firnas was a polymath: a physician, 
a rather bad poet, the first to make glass from stones (quartz?), a 
student of music, and inventor of some sort of metronome. In his 
house, al-Maqqari tells us, he constructed a room in which, thanks 
to mechanisms hidden in the basement, spectators saw stars and 
clouds, and were astonished by thunder and lightning. “ Among 
other very curious experiments which he made,” continues al- 
Maqgari, “ one is his trying to fly. He covered himself with feathers 
for the purpose, attached a couple of wings to his body, and, 
getting on an eminence, flung himself down into the air, when, 
according to the testimony of several trustworthy writers who 
witnessed the performance, he flew a considerable distance, as if 
he had been a bird, but, in alighting again on the place whence he 
had started, his back was very much hurt, for not knowing that 
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birds when they alight come down upon their tails, he forgot to 
provide himself with one.” ** 

This sounds as specific as William of Malmesbury’s account of 
Eilmer’s adventure, and it is amusing that in each case the crack-up 
is ascribed to failure to provide a tail. No modern historian can 
be satisfied with a source written 750 years after the event, and 
it is astonishing that, if indeed several eye-witnesses recorded 
b. Firnas’s flight, no mention of it independent of al-Maqgqari has 
survived. Yet al-Maqgqari cites a contemporary poem by Mu’min 
b. Said, a minor court poet of Cordoba under Muhammad I (d. 
886 A.D.), which appears to refer to this flight and which has 
the greater evidential value because Mu’min did not like b. Firnas: 
he criticized one of his metaphors and disapproved his artificial 
thunder. Mu’min wrote of b. Firnas, “He flew faster than the 
phoenix in his flight when he dressed his body in the feathers of a 
vulture.” ** Although the evidence is slender, we must conclude 
that b. Firnas was the first man to fly successfully, and that he has 
priority over Eilmer for this honor. 

But it is not necessary to assume that Eilmer needed foreign 
stimulus to build his wings. Anglo-Saxon England in his time pro- 
vided an atmosphere conducive to originality, perhaps particularly 
in technology. Until the invention of the mechanical clock in the 
early fourteenth century, the pipe organ was the most complex 
machine known to Europe. About 950 Bishop Aelfeg (d. 951) 
of Winchester broke all precedents by installing in his cathedral 
the first giant organ of the Middle Ages: 400 pipes were supplied 
with wind from 26 bellows operated by 70 men.” 

The respect for manual operation guided by high intelligence, of 
which both the Winchester organ and Eilmer’s gliding device are 
symptomatic, is reflected in a basic Anglo-Saxon mutation of the 
iconography of the Creator God. In earlier representations God 
is depicted in passive majesty, creating the cosmos Platonically, 
by power of thought. But in the Eadiwi Gospel Book, produced 
at Winchester shortly after 1000 A. D., the text of Sapientia XI:21, 
“Omnia in mensura et numero et pondere disposuisti,” is con- 
strued literally, and the hand of God—now the master craftsman— 
is shown holding both scales and a pair of compasses.** This con- 
cept spread; perhaps under the influence of Proverbia, VIII:27, 
“ certa lege et gyro vallabat abyssos,” the scales were eliminated and 
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the compasses alone—the supreme medieval and Renaissance symbol 
of the engineer—are held in God’s hand: a tradition culminating 
in William Blake’s “ Ancient of Days.” ** 

Meyer Schapiro** has pointed to still another Anglo-Saxon 
iconographic innovation which displays a curious interest in the 
levitation of the human body. A sermon on Christ’s Ascension 
preached in 971 A. D.*® shows concern about the mechanics of the 
event, and, in expounding the words “et nubes suscepit eum ab 
oculis eorum,” explains that it was not the cloud which carried 
Jesus up, but jesus the cloud. By 1000 A. D. this sort of specula- 
tion had produced a new, realistic, and almost irreverent way of 
representing the Ascension. The earliest depictions show Christ 
majestically rising, often carried by angels. Later, Christ is taking 
some initiative by climbing the clouds as one would climb a moun- 
tain, and occasionally the hand of God the Father emerges from 
the topmost cloud to give him help up. But the Anglo-Saxons of 
Eilmer’s days were beginning to show Christ almost jet-propelled, 
zooming heavenward so fast that only his feet appear at the top 
of the picture, while the garments of his astounded disciples flutter 
in the air currents produced by his rocketing ascent. Schapiro 
rightly remarks that the daring originality of such a break with 
iconographic tradition “is a sign of advanced conditions in Eng- 
land .. . and of the progressive character of English culture at the 
end of the tenth century.” *° 

Eilmer’s society, then, helps us to understand his feat, but the 
fact of a favorable context does not diminish his glory: he is the 
first European (in the cultural sense) about whom we have certain 
information that he flew successfully. Nor was he forgotten. 
Quite the contrary, although only the most confused references to 
him are found in modern histories of aviation, he was remembered 
throughout the Middle Ages and Renaissance, all later accounts 
stemming, usually indirectly, from that given by William of Mal- 
mesbury. In his Chronicon written before 1229, Helinand, a monk 
of Froidmont near Beauvais," quotes William verbatim on Eilmer’s 
flight, as, before 1241, does Alberic of the Cistercian abbey of 
Trois-Fontaines near Chaléns.*? Vincent of Beauvais, the chief 
scholar at the court of St. Louis in the 1250’s, recalls him in the 
famous Speculum,** the favorite encyclopedia of the next three 
centuries. Before 1352 Ralph Higden, a Benedictine of Chester, 
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tells about Eilmer in his Polychronicon ** which was the standard 
work on English history for the next two hundred years.** Unfor- 
tunately Higden misread a manuscript, and by fusing the initial 
letters Ei into O, and fissioning the triple strokes of m into iv, he 
rebaptized Eilmer as “Oliver.” Before 1367 Henry Knighton 
incorporated Higden’s account into his own Chronicon * and when, 
in 1385, John of Trevisa, and a little later still another Englishman, 
translated Higden into English, “ Oliver’s ” prowess became known 
to the less educated public.*’ Clearly, at least in England, Eilmer 
was long a personage alive in the communal recollection. In 1648 
John Wilkins cited Eilmer as the prime example of flight with 
wings; ** in 1670 John Milton recorded him in his History of 
Britain Collected out of the Antientest and Best Authorities.*° The 
first major work on flying to be published in America, John Wise’s 
System of Aeronautics, Comprehending the Earliest Investigations 
and Modern Practice (Philadelphia, 1850), knows Eilmer *° through 
Bishop Wilkins. 

Roger Bacon would seem to have been aware of Eilmer, but his 
thinking about the mechanical possibilities of flight had gone much 
further: by about 1260 he was insisting that “ flying machines can 
be constructed so that a man sits in the midst of the machine re- 
volving some engine by which artificial wings are made to beat 
the air like a flying bird. . . . Such devices have long since been 
made, as well as in our own day, and it is certain that there is a 
flying machine. I have not seen one, nor have I known anyone who 
has seen one. But I know a wise man who has designed one.” * 

There is, however, no evidence that memory of Eilmer’s feat 
helped to stimulate the new burst of speculation and experiment 
about aviation which occurred in Italy in the later fifteenth cen- 
tury. Even before 1449 the engineer Giovanni da Fontana rejects 
the idea of ascent by hot-air balloons as too hazardous of fire, but 
expresses entire confidence that human flight can be achieved with 
mechanical wings. Indeed, he has thought of making some himself, 
“sed aliis distractus occupationibus non perfeci.” ** Leonardo da 
Vinci’s sketches of parachutes and flying devices are well known “ 
but none appears to have been constructed. The evidence that in 
the 1490’s Giovanni Battista Danti of Perugia flew in a glider over 
Lake Trasimeno has as yet emerged in no document earlier than 
1648.** But we must assume that when, in October 1507, an Italian 
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named Giovanni Damiani, who in 1504 had been appointed Abbot 
of Tungland, a Premonstratensian monastery in Galloway, garbed 
himself in wings made of feathers, took flight from the walls of 
Stirling Castle, plummeted, and broke his leg,** he was inspired by 
experiments in his native land rather than by Eilmer’s example. 
Damiani sardonically announced that his error had been to include 
hens’ feathers in his wings, since hens have more affinity for 
scratching in dunghills than for soaring to the heavens.*® 

Yet despite perpetual catastrophe, interest in flight continued 
endemic: it is symptomatic that the oration of the Tubingen 
humanist Friedrich Hermann Flayder, De arte volandi, cujus ope 
quivis homo sine periculo facilius quam ullum volucre, quocumque 
lubet, semetipsum promovere potest, first issued in 1627 at Tii- 
bingen, was reprinted not only the following year, but again at 
Frankfurt in 1737.47 Even more significant is John Wilkins’s 
detailed and enthusiastic discussion of the possibility of flight in his 
Mathematicall Magick of 1648. Wilkins was Cromwell’s brother- 
in-law and at that time Master of Wadham College. He was already 
deeply immersed in the scientific activities which were to make 
him the first secretary of the Royal Society and eventually Bishop 
of Chester. On the page following his reference to “a certain 
English monk called Elmerus . . . that did by such wings fly from 
a tower above a furlong,” he urges that experiment with flight 
be started on the gliding principle, that is, that one “ use his wings 
in running on the ground as an Estrich or tame Geese will doe, 
touching the earth with his toes; and so by degrees learn to rise 
higher till he shall attain unto skill and confidence. I have heard 
it from credible testimony,” he continues, “that one of our own 
Nation hath proceeded so far in this experiment, that he was able 
by the help of wings in such a running pace to step constantly 
ten yards at a time.” ** 

It is doubtful, however, whether any great progress could have 
been made in human flight with heavier-than-air devices in Europe 
so long as the kite was unknown: preliminary observation of its 
reaction to air currents would seem to have been essential to our 
success in the twentieth century. Yet historians of aviation have 
largely neglected the kite. 

Kites had been used in China since Han times at least.*® There 
is no evidence of kites—as distinct from dragon-shaped aerostats— 
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in either classical Antiquity or most of the Middle Ages.*° The 
meager literature on the subject seems to have overlooked the fact 
not only that the first word about kites to reach Europe comes 
where one might reasonably expect it—in Marco Polo’s book—but 
also that Polo describes the East Asian kite in a way almost de- 
signed to stimulate ideas about aviation: he speaks of a man-carrying 
kite, and lays great stress on how the kite reacts to the wind. 
Unfortunately, however, this passage (although it is almost cer- 
tainly authentic) is found only in one of the rarest versions of Polo: 
a Latin translation which exists in two manuscripts, the earlier and 
better being of the fifteenth century. Polo tells us that when a 
merchant ship is about to start on a voyage, a kite is sent up for 
augury: 

The men of the ship will have a wicker framework, that is a 
grate of switches, and to each corner and side of that framework 
will be tied a cord, so that there are eight cords and all of these 
are tied at the other end to a long rope. Next they will find some 
fool or drunkard and lash him to the frame, since no one in his 
right mind or with his wits about him would expose himself to 
that peril. This is done when the wind is high; then they raise 
the framework into the teeth of the wind and the wind lifts up the 
framework and carries it aloft, and the men hold it by the long 
rope. If, while it is up in the air, the frame tips in the direction 
of the gale, they haul in the rope a bit, and then the frame 
straightens up and they pay out the rope and the frame goes higher. 
And if again it tips, once more they pull in the rope until the 
frame is upright and climbing, and then they yield rope again, 
so that by this means it might go up until it could no longer be 
seen, if only the rope were long enough.” 


Probably because this particular version of Polo had so little 
circulation, no one followed up his description of a man-carrying 
kite for nearly three centuries. In 1589 Giovanni Battista della 
Porta published at Naples the expanded edition of his Magia 
naturalis ** which describes the making of a kite and its action in 
relation to the flow of air. Della Porta adds: “Hence may an 
ingenious man take occasion to consider how to make a man fly 
with huge wings bound to his elbows and breast.” ** This idea was 
spread not only by several Latin editions of the Magia naturalis 
but also by versions in Dutch (Leiden, 1655) and English (London, 
1658). Moreover, the expanded version of Johann Jacob Wecker, 
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De secretis libri XVII variis authoribus collecti (Basel, 1613), Lib. 
XIII and XVII, twice quotes verbatim della Porta’s passage on the 
kite as a possible basis for human flight.** In addition to at least 
three reprints of the Latin (Basel, 1642, 1662, 1701), a French 
translation appeared at Rouen in 1627 and 1633, and an English 
in London in 1660 and 1661. 

Clearly, during the later sixteenth and seventeenth centuries 
thousands of curious minds pondered the idea that the secret of 
human flight might be found not in the bird but in the kite. Yet 
towards the end of the seventeenth century two notable publi- 
cations diverted the attention of European technologists away from 
the heavier-than-air tradition of experiment, of which Eilmer of 
Malmesbury was then recognized as the founder, towards the idea 
of flight by lighter-than-air apparatus. In 1670 the Jesuit Francesco 
Lana-Terzi * made the suggestion—brilliant in theory, even though 
unfeasible in practice—of an airship to be raised by means of 
evacuated metal spheres. An age greatly impressed by experiments 
with vacua conducted by von Guericke, Papin, and many others, 
was ready for some new departure. Moreover, ten years later, in 
1680, Gian Alfonso Borelli’s De motu animalium ** demonstrated 
that the human musculature is quite insufficient to make any man- 
powered winged device fly on the analogy of birds. Thereafter, 
for two centuries, while there remained a residual interest in winged 
flight,** the focus of speculation and experiment shifted to aerostats, 
a development culminating and terminating in the gigantism of the 
Zeppelins of the 1930’s. 

The tradition of Eilmer was revived in the 1880’s by two men. 
The technical priority must be granted to John Joseph Mont- 
gomery, a native of Yuba City, California, who became a professor 
at the University of Santa Clara. By 1884 he appears to have built 
three gliders and made many flights.°° The effective father of 
modern aviation, however, was a Pomeranian, Otto Lilienthal. In 
1889 he declared the balloon to be a blind alley—“ eine falsche 
Bahn ”—on the journey towards human flight, and lamented that 
for so long attention had been distracted by aerostats from the real 
problems of aviation. In 1891 he built his first glider: a wicker 
framework covered with waxed cotton cloth, and without a tail.” 
Wilbur and Orville Wright’s experiments were directly inspired 
by Lilienthal’s glider experiments.” They decided, however, that 
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the best way to get experience with air currents was not with a 
free glider but rather with a glider flown like a kite. It may be 
noted that their first model had no tail. By 1900 they were able 
to fly a kite-glider with a pilot aboard, presumably neither an idiot 
nor a drunkard. At last they felt that the point had been reached 
where the tug of the kite-string should be replaced by motor- 
driven propellers.* Eilmer of Malmesbury’s tradition of experi- 
ment with heavier-than-air devices was vindicated on 17 December 
1903 at Kitty Hawk. 
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Future Exploration and Utilization 
of Outer Space 


HUGH L. DRYDEN* 


INTRODUCTION 


THE ASSESSMENT of the future of astronautics is the task of a 
prophet, a profession not recognized as an established branch of 
science. Prophecy is an art rather than a profession and there are 
no established methods of procedure. Knowledge of specific de- 
velopments in progress and past experience give a reasonable basis 
for extrapolating a few years ahead. For the more distant future, 
imagination, intuition, and faith are the only tools, and these are 
inevitably colored by the nature and environment of the prophet. 
He may be naturally an optimist or a pessimist. The seeker for 
financial support and the salesman will see the future very differ- 
ently than the engineer responsible for the success of launching 
vehicles on difficult missions. Some of the problems of predicting 
future developments may be appreciated by looking backward in 
time by 52 years. 


AERONAUTICAL PROPHECIES 


Wilbur Wright, at a dinner tendered in honor of the two Wright 
brothers by the Aero Club of France on November 5, 1908, is 
reported to have said: “I confess that in 1901 I said to my brother 
Orville that man would not fly for fifty years. Two years later 
we ourselves made flights. This demonstration of my impotence 
as a prophet gave me such a shock that ever since I have distrusted 
myself and avoided all predictions.” 


* Dr. Dryden is Deputy Administrator of the National Aeronautics and Space 
Administration. This paper was presented at the Seminar on Astronautical Pro- 
pulsion of the Istituto Lombardc, Accademia di Scienze e Lettere, Fondazione 
Dr. Antonio Baselli, in Varenna, Italy, on Sept. 9, 1960. This paper is published 
by permission of the Advisory Group for Aeronautical Research and Develop- 
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Scientists did not have good records as prophets of the future 
of aeronautics. Willis L. Moore, Chief of the U.S. Weather 
Bureau, stated in an address opening the International Aeronautical 
Congress of 1907: “Commercially very little is to be expected 
from either balloons or flying machines. For passenger traffic the 
number carried will be so small and the cost so great that no 
competition is possible with existing modes of transit.” 

Simon Newcomb in 1908 reported: “The writer cannot see 
how anyone who carefully weighs all that he has said can avoid 
the conclusion that the era when we shall take the flyer as we now 
take the train belongs to dreamland.” 

The developments of the first fifty years gave the lie to the 
pessimists and far exceeded the expectations of the optimists. I 
do not mean to imply that optimists are always right in every field. 
For example, in spite of optimism and hard work, the Diesel 
engine never became successful as an aeronautical power plant. 
However, I think we may conclude that today, amid the great con- 
fusion of voices of would-be prophets with their wide range of 
predictions, some prophecies are bound to be right, and with 
hindsight their authors will in the future be regarded as men of 
vision. 

A PropHecy OF THE RECENT Past 


The technology to appear a few years ahead is always latent in 
the research and development already under way. Thus it was 
easy for me to write on December 17, 1953, the fiftieth anniversary 
of the first flight of an airplane, that: “Taking into consideration 
the speed at which guided missiles travel, that at which models 
have been propelled, the experimental data available from hyper- 
sonic experiments in wind tunnels and ranges, and the theoretical 
calculations which have been made, we may reasonably suppose 
that a satellite vehicle is entirely practical now and that travel to 
the moon is attainable in the next fifty years.” 

The first satellite was successfully launched a little less than four 
years later by the USSR. As of now it appears that travel to the 
moon will be accomplished in much less than the remaining 43 
years. Having thus undermined your confidence in my qualifica- 
tions, let us consider the present technical position, the develop- 
ments of the next few years already in the planning and early 
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developmental stages, and some less solidly founded forecasts of 
things to come in later years. Prediction of the direction of tech- 
nical progress is more reliable than prediction of time scale. The 
rate of future progress depends on the magnitude of the resources 
committed, which in turn is determined by the public and private 
assessment of the values of space exploration. 


CuRRENT TECHNICAL PosiITIon 


Let us then begin with a review of the present technical situation. 
The heaviest spacecraft launched to date [September, 1960] is 
the 10,000-pound vehicle launched on August 20, 1960, carrying 
two dogs which were recovered from orbit. The largest distance 
over which communication has been established is 22,500,000 miles 
by Pioneer V. Satellites have been launched which represent major 
first steps in their application to a new type of global communica- 
tions system and to greatly improved weather forecasting. Many 
scientific measurements have been made of the space environment, 
resulting in new scientific discoveries such as the radiation belts, 
anomalies in the earth’s magnetic field, specific effects associated 
with solar flares, etc. 

From a purely statistical point of view 27 earth satellites have 
been successfully launched in 49 known attempts. Five lunar and 
space probes have been successfully launched in nine known at- 
tempts, of which one hit the moon, three are in orbit around the 
sun, and one passed near the moon to return toward the earth. 
Fifteen of the 27 earth satellites are still in orbit about the earth 
accompanied by empty final rocket stages and miscellaneous debris 
such as ejected fairings, etc. Only six are transmitting signals. 

It is difficult to assess the scientific and technological results 
obtained in purely statistical terms. To illustrate the nature of the 
information already obtained, we may consider as examples Ex- 
plorer VII, Tiros I, and Echo I. 


Expiorer VII 


Explorer VII is an earth satellite weighing 91.5 pounds which 
was launched on October 13, 1959 by a Juno II launch vehicle 
into an orbit inclined at 50.3° to the equator with a perigee of 345 
statute miles, apogee of 678 statute miles, and period of 101.3 
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minutes. This satellite was the last of the satellites planned as part 
of the IGY program. It carried detectors of Lyman-alpha and 
X-ray solar radiation, ionization chambers for heavy cosmic rays, 
Geiger-Mueller tubes, apparatus for measuring the thermal radia- 
tion balance of the earth, and micrometeorite detectors. Data from 
many of the experiments are still being received. Many of the 
records have not yet been processed and analyzed but many 
significant results have already been reported by the experimenters. 

Van Allen and his collaborators at the State University of lowa 
have obtained measurements of time and spatial variations in the 
outer radiation zone which show interesting correlations with other 
geophysical observations. For example, a drastic modification of 
the outer zone occurred on March 31 to April 10, 1960, beginning 
with a large magnetic storm on March 31. Intensity levels fell 
from 200 to Jess than ten counts/second and rose to over 10,000 
counts/second during this event. 

Suomi and his colleagues at the University of Wisconsin de- 
tected large-scale weather patterns in their thermal radiation bal- 
ance experiments. For example, an area covered with cold air or 
high clouds shows reductions in heat is from the average value 
of the order of ten per cent. 


Tiros I 


Tiros I is an earth satellite weighing 270 pounds which was 
launched on April 1, 1960 by a Thor-Able launch vehicle into a 
near-circular orbit at an inclination of 48.3° to the equator with 
a perigee of 435 statute miles and apogee of 468 statute miles with 
a period of 99.2 minutes. Its objective was to measure cloud cover 
over as much of the globe as possible. The satellite is spin stabilized, 
hence its axis remains fixed in space. Two television cameras are 
installed, one wide-angle camera with f/1.5 lens and a narrow-angle 
camera with f/1.8 lens, each providing 500 lines per frame, the 
axes of the cameras being parallel with the spin axis of the satellite. 
Hence pictures are obtained only when the satellite is in that part 
of the orbit where the cameras see the sunlit portion of the earth. 

A magnetic tape recorder is provided for each camera with 
maximum capacity of 32 photographs, taken at 30-second intervals. 
The recorder stores pictures taken out of range of the two ground 
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receiving stations. Timer systems are provided for programming 
on command. The pictures are transmitted by two 2-watt FM 
transmitters at 235 mc/s. Two tracking beacons operated on 108 
and 108.03 mc/s with 30 milliwatts output. Power is supplied from 
nickel-cadmium batteries charged by 9200 solar cells on the top and 
sides of the “ pill box ” 42 inches in diameter and 19 inches high 
which constitutes the outer shell of the satellite. 

More than 22,000 pictures were received during the useful life 
of the satellite. Each wide-angle picture covers an area of roughly 
800 miles on a side; each narrow-angle picture covers an area of 
roughly 80 miles on a side within the field of the wide-angle 
camera. Much new information on cloud structures associated 
with large-scale storms has been obtained, particularly the spirally 
banded cloud formations whose existence was previously unknown. 
Frontal systems and storm centers are easily recognizable and their 
positions plotted accurately. Arrangements are being made to index 
the photographs and to make copies available through the IGY 
World Data Centers. 

Useful pictures ceased on June 15, 1960, because of equipment 
failure, but the 108 mc/s tracking beacon continues to operate. 
On the basis of this and future meteorological satellites, it is hoped 
to develop within a few years an operational system for routine 
use in weather forecasting. We invite international cooperation 
in the study of the Tiros data particularly in relation to meteoro- 
logical data obtained by ground and aircraft observations. 


Ecuo I 


Echo [is a plastic sphere 100 feet in diameter which was launched 
on August 12, 1960, by a Thor-Delta launching vehicle into a near- 
circular orbit at an inclination of 47.24° to the equator with a 
perigee of 945 statute miles and apogee of 1049 statute miles with 
a period of 118.3 minutes. The sphere was fabricated of Dupont 
Mylar Polyester film 0.0005 inches (0.013 mm) thick which was 
then covered with vapor-deposited aluminum on both surfaces to 
provide radio wave reflectivity of 98 per cent up to frequencies of 
20,000/mcs. The sphere is inflated after the satellite is in orbit. 

The sphere weighs 136 pounds and contains 30 pounds of subli- 
mating powder (anthroquinone and benzoic acid) to maintain a 




















Future Exploration and Utilization of Outer Space 117 


small internal pressure in spite of leakage due to puncture by micro- 
meteorites. Two tracking beacons powered by 70 solar cells 
weigh 1.4 pounds. They operate at a power of 10 milliwatts on 
108 mc/s. The container which carries the sphere into orbit 
weighs 24 pounds. 

The primary objective of Echo is to study the transmission of 
radio signals (including voice modulation and other types of modu- 
lation) between distant points by reflection from the sphere as 
the first step in the investigation of the feasibility of global com- 
munications systems using passive satellites as reflectors. A secon- 
dary objective is to study the effects of the residual atoms, mole- 
cules, and charged particles and of solar radiation on the motion of 
satellites at 1000 miles in the hope of learning more about the space 
environment at that altitude. A third objective is to obtain experi- 
ence with large light-weight structures in space. 

There are two primary stations taking part in the Echo com- 
munications experiment: Bell Telephone Laboratories’ facility at 
Holmdel, New Jersey, and the NASA-Jet Propulsion Laboratory 
station at Goldstone, California. BTL transmits at 960 mc/s, JPL 
at 2390 mc/s. BTL uses a receiver with tracking horn-reflector 
antenna with maser amplifiers; JPL uses a receiver with 85-foot- 
diameter paraboloid antenna with parametric amplifiers. BTL 
transmits with a 60-foot paraboloid antenna; JPL with an 85-foot 
paraboloid antenna. 

In addition to the two primary stations, independent researchers 
all over the world have been invited to engage in experiments of 
their own. Many have engaged in such experiments and tie 
National Aeronautics and Space Administration is assisting them 
by providing tracking data. 

Hundreds of experiments and transmissions have been conducted, 
using the satellite as a relay. These include teletype, facsimile 
photographs, voice, music, digitized coded data, and numerous 
electrical measurements to determine the effects of the ionosphere 
on signal strength. With the low noise levels of the receivers 
used, the quality has been exceptional with little variation in signal 
strength, which corresponds to the theoretically computed values 
within a few decibels. 
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SuPporTING RESEARCH AND TECHNOLOGY 


A review of the present technical position would be incomplete 
without some mention of the foundation of research and advanced 
technology on which space flight missions are completely de- 
pendent. The knowledge available has been built up through the 
work of countless scientists and engineers of the past and present 
century and from every nation of the world. Space activities have 
utilized the basic and exploratory research in such fields as solid state 
physics, magneto-fluid-dynamics, aero-thermo-chemistry, mathe- 
matics of random processes, and many others. The technology of 
rockets, inertial and radio guidance systems, hypersonic aero- 
dynamics, aerodynamic heating, solid and liquid fuels, high-temper- 
ature materials, thin-walled structures, and many other areas has 
made possible our present beginning of the exploration and utiliza- 
tion of space. 


Tue Near Future 


Beginning on this base let us look at the near future for which 
plans and development are under way. I can only speak authori- 
tatively for the plans and work of the National Aeronautics and 
Space Administration, which are reasonably firm for the launchings 
to be made within the next two or three years. Again we will 
look only at a few examples of the approximately 28 launchings 
scheduled per year. 


Proyect Mercury 


We begin with the first step in the manned exploration of space, 
the orbital flight of man about the earth and safe return. The 
NASA Project Mercury is well along in development and is but 
the beginning step. Its general nature is so well known that I will 
not describe it in detail, but some aspects of its objective and 
method of execution are not so widely known. 

The primary objective of Project Mercury is to determine the 
capabilities of man to contribute usefully to space exploration. 
As such the astronaut in Project Mercury is far more than a passive 
biological specimen. Provision is made for him to perform the 
functions of a pilot, flight engineer, navigator, and radio operator. 
The astronaut can control the attitude of the capsule, initiate 
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reentry, make changes and adjustments in equipment and use alter- 
nate systems, determine his position, and communicate with ground 
stations unless there are presently unknown aspects of space flight 
which incapacitate him for such activities. To assure safety, the 
spacecraft is equipped with automatic sensing and control devices 
of the type usually found necessary in high-speed military aircraft. 
Moreover there is being established, with the friendly cooperation 
in the Mercury project by many countries, a network of ground 
stations throughout the world with access to high-speed computers 
by means of which the spacecraft can be controlled from the 
ground if necessary. An escape system is provided for the pilot 
for use if the mission becomes unsafe. It is designed to operate 
automatically, if the rocket fails on the ground or in the air; either 
the ground crew or the astronaut may actuate it. 

Since the astronaut does expect to function as pilot, flight engi- 
neer, navigator, and radio operator, his training for the flight will 
be completed by ballistic flights using a Redstone booster to an 
altitude of 125 miles, and to a distance of 200 miles, giving the 
launch and recovery experience and 5¥, minutes of weightlessness. 
It is hoped to accomplish this flight within a few months and the 
first manned orbital flight during the calendar year 1961. Manned 
flights will be continued into calendar year 1962. These dates are 
dependent on satisfactory results in the remaining test program 
for qualification of the capsule and its equipment, and on satis- 
factory performance of the tracking and recovery crews in the 
unmanned flights. The test program provides some redundancy, 
since, with present rocket reliability, some failures are to be 
expected. 


Nimsus 


The utility of the Tiros meteorological satellite is limited by the 
spin stabilization which gives the camera axis a fixed position rela- 
tive to space axes but a changing position relative to the earth. 
Hence the area covered is limited, and photographs can be taken 
only of sunlit areas. 

The Nimbus series now under development will have a stabiliza- 
tion system to keep the cameras pointed earthward at all times. 
Nimbus will weigh 600 to 700 pounds and be launched in a nearly 
polar and nearly circular orbit at an altitude of about 700 statute 
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miles by a Thor-Able B launch vehicle in mid-1962. Sensors 
will include television cameras, passive and scan-type radiation- 
sensing equipment and other experiments. Paddles which are con- 
tinuously oriented toward the sun carry solar cells to provide power 
for the satellite subsystems. The present concept visualizes a 
satellite about ten feet tall and five feet in diameter at the base 
section. The base section contains the instrumentation; the upper 
section contains the power and stabilization system mounted on a 
column to provide clearance for the two paddles carrying solar 
cells. 


OrsiTING SOLAR OBSERVATORY 


An orbiting solar observatory is scheduled for launching in the 
first quarter of 1961 for the purpose of making spectrophotometric 
studies of the electromagnetic radiation from the sun in the ultra- 
violet and X-ray regions, with some additional secondary objec- 
tives. The satellite weighing about 350 pounds is to be launched 
in a nearly circular orbit at an altitude of 300 miles by a Thor- 
Delta launching vehicle. 

The satellite is now under construction. It consists of two sec- 
tions, a base section ten to sixteen inches thick of large diameter 
and extended arms to form a gyroscope wheel for spin stabilization 
and a half disc-shaped upper section carrying solar cells to charge 
nickel cadmium batteries. The spin axis of the base will be so 
oriented as to remain perpendicular to the line joining satellite 
and sun. The base carries the electronic instrumentation; the arms 
contain the instrumentation, pointed to the sun by a stabilization 
system consisting of solar sensors and compressed gas jets to precess 
the spin axis of the satellite. 


OrBITING GEOPHYSICAL OBSERVATORY 


With the increase in capacity of launch vehicles it becomes 
possible to develop large spacecraft with great flexibility to carry 
forward the scientific program in geophysics. By 1963 we hope to 
be able to launch with the Atlas-Agena B launch vehicle an orbiting 
geophysical observatory weighing about 1300 pounds either in a 
nearly circular polar orbit at altitude 350 statute miles or a highly 
eccentric inclined orbit with perigee of 150 statute miles and apogee 
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of 70,000 statute miles at an inclination of 33° to the equator. The 
standard spacecraft will include the basic structure, electromechani- 
cal units, power supply, controls, and telemetry. The present con- 
cept envisages a cylindrical structure of stacked short cylindrical 
compartments with large paddles for mounting solar cells. 


OrsitING ASTRONOMICAL OBSERVATORY 


The first in a series of orbiting astronomical observatories is 
scheduled for launching in 1963. The satellite is expected to weigh 
about 3500 pounds and to be placed by an Atlas-Agena B launch 
vehicle in a 550-mile nearly circular orbit. The principal experi- 
ments in the first observatory relate to the emission and absorption 
characteristics of the stars and nebulae in the ultraviolet. 


RANGER AND MARINER 


A series of three lunar impact missions is scheduled for 1962 
with a spacecraft now under development, to which the name 
Ranger has been given. It is to be launched by an Atlas-Agena 
launch vehicle. The basic spacecraft consists of a main section 
carrying guidance and control, telemetry, and propulsion equip- 
ment which make it possible to impact the moon within a pre- 
determined area and with attitude control throughout the flight. 
Two large paddles containing solar cells are extended in flight 
and oriented toward the sun by solar sensors. A steerable antenna 
is pointed toward the earth for communication purposes. 

The lunar impact mission adds to the basic vehicle a survivable 
capsule to be slowed by a retro-rocket to an impact velocity less 
than 500 ft/sec. This capsule will contain a seismometer as the 
primary experiment. The spacecraft will be provided with a tele- 
vision camera capable of transmitting pictures with a resolution 
of ten feet during the final moments before impact. A gamma ray 
spectrometer will also be carried. 

The lunar missions will be preceded by several spacecraft de- 
velopment flights carrying some instrumentation for measurements 
of the environment of interplanetary space. The same basic vehicle 
will, we hope, be used with some modifications on early planetary 
missions to Mars or Venus. In this form it will be called Mariner. 
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SURVEYOR 


Still in the planning stage are spacecraft to be used for the lunar 
soft-landing mission using a Centaur launch vehicle. This space- 
craft will be designed to deposit a scientific payload of 100 to 
300 pounds on the lunar surface for examination of radiation fields, 
the atmosphere, and the surface and subsurface characteristics with 
such instruments as television, seismometer, magnetometer, spectro- 
meter, etc. Preliminary design studies are under way. 


LonGER RANGE Missions 


Beyond Surveyor there has been some study of spacecraft for 
lunar and planetary missions using the Saturn launch vehicle of 
1¥, million pounds thrust which becomes operational in about four 
or five years. Such Prospector spacecraft might carry a soft-landing 
mobile vehicle capable of exploring a large area of the lunar surface. 

Finally, a Voyager series of Saturn-launched spacecraft has been 
conceived for orbiting Mars and Venus. The spacecraft would 
be designed to eject an instrumented capsule for atmospheric entry 
and perhaps landing. Data from the capsule would be stored and 
relayed by the mother craft or, technology permitting, could be 
received directly on earth. 


Tue Next Decape 


On January 2, 1959 the Select Committee on Astronautics and 
Space Exploration of the U.S. House of Representatives published 
a report entitled, “The Next Ten Years in Space, 1959-69.” It 
contained the views of 56 scientists, engineers, industrialists, mili- 
tary officers, and government administrators concerned with some 
aspect of the national space program and a summary by the Com- 
mittee staff. 

There was substantial agreement on the missions which consti- 
tuted the pathway to space exploration by man. These include 
manned earth satellites from the first step through manned space 
stations, circumnavigation of the moon by man and return to earth, 
landing on the moon and return, and manned expeditions to Mars 
and Venus. Few carried the pathway beyond Mars and Venus. 
Forecasts of time scale varied greatly, but it was generally be- 
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lieved that the circumlunar flight of man would be accomplished 
before 1969. A few predicted landing on the moon within the 
decade, but the majority thought it would take place early in the 
following decade. 

It is generally believed that applications of satellites to meteor- 
ology, communications, and navigation would be commonplace 
before the end of the decade. 

In January of 1960, NASA presented to the Congress its Ten- 
Year Plan of space activities. During the next decade 62 launchings 
are expected to be required for the development of launch vehicles, 

In January of 1960, NASA presented to the Congress its Ten- 
41 for missions related to manned space flight satellites, 96 for 
scientific satellites, 33 for lunar and planetary scientific missions, 
and 28 for satellite applications. These numbers correspond to a 
rate of a little higher than two major missions per month in the 
total program. The weight of the largest spacecraft that could be 
launched in a 300-mile earth orbit increases from the 20 to 150 
pounds of 1958 and 1959 to more than 50,000 pounds by 1967. 
Correspondingly the weight capability for other more difficult 
missions will increase by a large factor. 

The early milestones and target dates have already been men- 
tioned. In 1965 the first flight test of a nuclear second-stage rocket 
will be accomplished if unexpected problems are not encountered. 
In the 1965-67 time period we are planning the first launching 
in a program leading to manned circumlunar flight and to a near- 
earth space station. 


APOLLO 


The designation Apollo has been assigned to the advanced 
manned space flight program beyond Project Mercury. Apollo 
is in the planning and early study phase. Its ultimate objective is 
manned circumlunar flight, consistent with the planned capabilities 
of the Saturn vehicle. 

Present thinking suggests that the design of a spacecraft for an 
ultimate circumlunar flight requires the solution of many, but not 
all, of the problems assuciated with a manned landing on the moon. 
These problems include earth reentry from hyperbolic speeds, 
safe landing, and accurate navigation and mid-course guidance with 
trajectory control. 
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Mayor TECHNICAL ProBLEMs oF MANNED SPACE FLIGHT 


A problem of major concern for manned flight beyond low earth 
orbits is that of radiation in space, including that in the Van Allen 
radiation belt, cosmic radiation, and solar flares. The trapped 
radiation in the Van Allen belt is of high intensity but of sufficiently 
low energy to make shielding feasible, if the manned vehicle merely 
passes through the belt without orbiting in it continuously. Con- 
cern is felt in some quarters for the possible effects of the very 
small fraction of heavy particles. 

The energies of cosmic radiation are so high that shielding be- 
comes impractical. However, the peak intensity is sufficiently low 
to permit the five-day mission of circumlunar flight. For longer 
periods this exposure may be dangerous. 

The most serious problem apparently arises from solar flares 
whose energy is so high as to require heavy shielding. Studies are 
in progress on the frequency of their occurrence and the possi- 
bilities of prediction. 

The radiation problem requires a great deal of study before 
manned spacecraft can be employed for circumlunar flight. Many 
of the characteristics of the radiation will be supplied through the 
scientific satellite and probe programs, but the biological effects 
of the various types of radiation remain to be more completely 
determined. 

Another major problem area is the effect of the weightless en- 
vironment of space on man and machine when experienced for long 
periods. Project Mercury will give some information on this ques- 
tion. Fortunately the gravitational environment of man can be 
simulated, if necessary, by centrifugal force in a rotating space- 
craft. But this solution requires heavier spacecraft and larger 
booster capacity. 

Present state of the art may permit space trips by man of hours 
or days, but when the travel time extends to months and years a 
host of new problems arise, associated with the provision of his 
food, oxygen, and water, waste disposal, and maintenance of a 
suitable chemical environment. The weight of food, oxygen, and 
water for long missions becomes very great. In addition his life 
processes produce carbon dioxide, excreted water and solid matter, 
and a large number of noxious chemical compounds which must 
be dealt with in some fashion. 
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Such considerations lead to the study of closed ecological systems 
which reproduce on a small scale the carbon, nitrogen, oxygen, 
water, and other chemical cycles that occur on the earth. Knowl- 
edge in this area is still fragmentary. 

The solution of man’s environmental and logistic problems im- 
poses the need for additional energy supply and machinery, on 
whose continued operation over long periods his very life depends. 
The problem of the design and construction of continuously 
operating equipment of long life and high reliability has only rarely 


been solved in our current industrial technology. 


SPECULATIONS FOR THE DiIsTANT FUTURE 


I believe as a matter of faith that the extension of space travel 
to the limits of the solar system will probably be accomplished 
in several decades, perhaps before the end of the century. Pluto 
is about 4,000,000,000 miles from the sun. The required minimum 
launching velocity is about ten miles per second and the transit 
time is 46 years. Thus we would have to make the velocity con- 
siderably higher to make the trip interesting to man. 

Travel to the stars is dependent on radically new discoveries in 
science and technology. The nearest star is 25 million million miles 
away and requires a travel time of more than four years at the speed 
of light. Prof. Dr. Ing. E. Sanger has speculated that velocities 
comparable with the speed of light might be attained in the next 
century, but such an extrapolation of current technology is prob- 
ably not very reliable. 

I quote the following from the 1960 Penrose Lecture on Pros- 
pects for Space Travel which I presented recently before the 
American Philosophical Society: “ Milestones of space exploration 
of interest to many are the dates when flight in space, either sub- 
orbital to great distances on the earth, in earth satellite orbits, or to 
the moon aad planets, will be as routine and familiar as the ocean- 
spanning travel in the jet transport airplanes of today. In my 
opinion these milestones will be reached but they are too far away 
to be accurately forecast. I will take refuge in paraphrasing the 
words of A. F. Zahm in 1894 with reference to the conquest of 
the air. ‘ It were vain for us to speculate on the eventualities of the 
conquest of space, for they are incalculable.’ ” 
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CoNCLUSION 


The future of astronautics in the last analysis rests with the 
talerits of a host of ingenious and imaginative scientists, engineers, 
and technicians throughout the world who must join together in 
devoting their talents to broaden the foundations of scientific and 
engineering knowledge without which progress in astronautics 
would soon cease. 

I repeat a statement I made to the United Nations Ad Hoc 
Committee on the Peaceful Use of Outer Space on May 7, 1959, 
which I still sincerely believe. Most of all, space research needs 
to draw upon an entire world for its ideas. Those ingenious insights 
into the real meaning behind a set of observed facts that lead to 
real advances in the understanding of our universe are not the 
prerogative of a single nation or group but come from every quarter 
of the world where men are seriously occupied with scientific 
research. So vast is the challenge of space research and exploration 
and so great is the promise to mankind in the way of increased 
knowledge and ultimate benefits that no nation can afford to 
neglect or slight the opportunities that lie before it. 
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Research Notes 


MEDIEVAL MASONS’ TOOLS: 
THE LEVEL AND THE PLUMB RULE 


LONNIE R. SHELBY* 


IN CONTRAST TO THE vast number of studies dealing with medieval 
art and architecture, the technology of medieval construction has 
received relatively little attention.t Much work remains to be done in 
this field, particularly in studying the development of equipment and 
tools used in medieval construction work.? Unfortunately, no medieval 
Virtruvius or Heron of Aiexandria supplied detailed descriptions of 
equipment, tools, or methods of construction.’ In view of this absence 
of authoritative written sources, it is unfortunate that little use has 
been made of manuscript miniatures.* Yet miniatures can be a valuable 
source for the history of medieval construction work, as is demon- 
strated by the study of medieval masons’ tools. We may take as 
examples the form and use of the mason’s level and plumb rule. 

The problems of leveling a horizontal course of stone and of plumb- 
ing a vertical wall had been solved in ancient Egypt and in Rome with 
the use of various tools incorporating a line and weight, that is, a plumb 
line and bob. Medieval masons also used the principle of the plumb 
line, but the tools which they devised for its use were quite different 
in appearance and in application from those of the Egyptians and 
Romans.’ A thirteenth century miniature® clearly portrays a level 
that was simply a long board, or straight-edge, with a raised semi- 
circle in the middle of the top edge (Fig. 1). From this semi-circle 
hung a string with a plumb bob attached. The string was of sufficient 
length so that the bob hung below the bottom edge of the level. A 
fifteenth century miniature depicts a similar level, but with the semi- 
circle replaced by a vertical board, from which hung the string and 
plumb bob (Fig. 2).’ These levels contrast with the Egyptian and 
Roman levels, which were A-shaped (Fig. 3).* With these latter, the 
plumb line was attached to the vertex of the two legs and thus hung 
across the middle bar connecting the legs. 

We may now reconstruct the way in which the medieval level 
was used. Though the details of the miniatures do not show it, there 
was probably a vertical line drawn on the side of the straight-edge, 


* Mr. Shelby, a Graduate Teaching Fellow at the University of North Carolina, 
is engaged in research on the technology of medieval masonry construction. 
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directly beneath the point at which the string was attached.? When 
the level was placed on the top edge of a horizontal course of stone, 
the plumb bob hung free; if the wall was level the plumb line hung 
directly over the vertical line drawn on the straight-edge. But if one 
end of the level was higher than the other, the plumb line and the 
vertical mark did not coincide. This indicated that the stonework was 
not exactly level and that it needed adjustment. An interesting com- 
parison of the use of the ancient and the medieval levels may here be 
noted. Because of its form, the ancient tool could check the levelness 
only of two points at a time, namely, those points at which the two 
legs of the level touched the course of masonry. But the medieval 
level, being a straight-edge, checked the levelness of the masonry along 
the entire length of the level. This provided a decided advantage over 
the ancient tool in working with small stone, for the levelness of 
several stones could be checked simultaneously. 

More complicated and probably less accurate was the use of the 
plumb rule in checking vertical walls. A miniature from the early 
fourteenth century *° represents this tool as a semicircular board with 
a diameter of probably less than a foot. A smaller semi-circular section 
is removed from the board, so that the tool looks somewhat like a 
truncated horseshoe (Fig. 4). In the miniature the tips of this “ horse- 
shoe” are held against the wall with one hand, while a plumb line is 
held with the other hand in such a way that the line passes through the 
inside semi-circle. The bob on the end of the string is shaped like a 
small] flat-iron. From this representation we may surmise the use of 
the tool. Again we must postulate the existence of a line that is not 
shown in the details of the miniature. Apparently there was a line or 
niche on the inside edge of the “horseshoe,” exactly at the middle 
point of its inner circumference. The plumb line which passed through 
this semi-circle was then held against this line or niche. The lower 
end of the string was attached to the center of the plumb bob, which 
was of a specific size and shape. It appears that the distance from the 
edge of the bob to the point where the bob was attached to the string 
was somewhat less than the distance from the wall to the niche on 
the inside semi-circle. Thus when the “ horseshoe” was held against 
the wall and the plumb line was passed through the niche, the free- 
swinging bob would not touch the wall if the wall were truly vertical; 
for the distance from the vertical wall to the niche would be slightly 
greater than the distance from the edge of the bob to the point where 
the bob was attached to the string. But if the wall were leaning in, 
then the bob would touch the wall; while if the wall were leaning out, 
the bob would be considerably away from the wall. If the use of the 
plumb rule showed the wall to be thus leaning in or out, the mason 
would have to make adjustments in the stonework in order to bring 
it into a vertical line. 

What was previously said about the advantage of the medieval level 
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Fig. 1. Thirteenth Century. Reproduced from L. F. 
Salzman, Building in England down to 1540, by per- 
mission of the Clarendon Press, Oxford. 


Fig. 2. Fifteenth Century. Re- 
produced from Charles Singer, 
et al.. A History of Tech- 
nology, by permission of the 
British Museum and the Clar- 
endon Press, Oxford. 
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Fig. 4. Fourteenth Century. 
Reproduced from W. O. Has- 
sel, The Holkham Bible Pic- 
ture Book, by permission of 
the Earl of Leicester, the Brit- 
ish Museum, and the Drop- 
more Press. 


Fig. 3. Ancient Egyptian ma- 
sonry tools. Reproduced from 
S. Clarke and R. Engelbach, 
Ancient Egyptian Masonry, by 
permission of the Clarendon 
Press, Oxford. 
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over the ancient is just reversed in regard to the plumb rule. The 
Egyptian plumb rule was a vertical board with two horizontal planks, 
over the edges of which hung the plumb line (Fig. 3). When the 
plumb rule was placed against a wall out of plumb, the line hung 
either away from or against the lower plank, depending on which way 
the wall was le:ning. But since the Egyptian plumb rule was also a 
straight-edge, each point along the rule was checked for plumbness. 
On the other hand, the medieval plumb rule was capable of checking 
only two points at a time: those points where the “horseshoe ” and 
the plumb bob touched or approached the wall. However, this dis- 
advantage in the medieval plumb rule could be partially alleviated by 
checking the approach of the bob to the wall as the plumb line was 
raised or lowered. 
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the study of them presents any particular difficulty.” 

* The closest approximations are to be found in Suger’s Liber de rebus in 
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Building Craft (London, 1930), Fig. 264, reproduce photographically an ancient 
Egyptian level and a plumb rule. The authors provide no description of the 
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chorobates. However, there seems to be no sufficient reason for making the 
chorobates a four-legged instrument, as Neuburger has shown it. Vitruvius’ 
description does not require it; nor would it have been a very convenient working 
tool, as anyone will verify who has been inconvenienced by a four-legged table 
on an uneven floor. 

*Dublin, Trinity College Lib., MS. E. 1. 40; reproduced in Salzman, Building 
in England, Pl. 4. 

"London, B.M., MS. Add. 19720, f. 27; in Singer, History of Technology, 
Il, Pl. 30b. 
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* That the Romans used this same type of A-shaped level as the Egyptians is 
evidenced by the representations of masons’ tools on some Roman tombstones 
and doorplates. See Neuburger, Technical Arts, p. 394, Fig. 536. 

* The Egyptian level has this vertical line on the crosspiece (Fig. 4). On the 
other hand, it appears from Vitruvius’ description (VIII, 5, 1), which is ad- 
mittedly somewhat obscure, that there were two perpendicular marks on the 
Roman chorobates, and that the plumb line hung between the two marks. The 
medieval level could possibly have had this type of marking. 

2° London, B. M., MS. Add. 4780, f. 27; in W. O. Hassell, The Holkham Bible 
Picture Book (London, 1954), f. 27. 
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IRON AND STEEL IN 1627: 
THE “ FIDELLE OUVERTURE DE L’ART DE 
SERRURIER” OF MATHURIN JOUSSE 


CYRIL STANLEY SMITH ann ANNELIESE SISCO®* 


INTRODUCTION 


ALTHOUGH THERE Is a good record of metallurgical practice relating 
to the non-ferrous metals in the sixteenth and seventeenth centuries, 
we have very little literature relating to the most important metal of 
all, iron. This includes: the little pamphlet, Stabel und eysen kiinstlich 
weych und hart zu machen (Mainz, 1532),1 which included some 
rather uncertain information on hardening and etching of steel; short 
chapters in the books by Vannoccio Biringuccio, Georgius Agricola, 
and Lazarus Ercker; and occasional incidental bits of information in 
the reports of travelers and in the writings of pharmacists or chemists. 
G. B. della Porta in Book 13 of his Magiae Naturalis (Naples, 1589; 
English translation 1689, reprinted, New York, 1958) gives some inter- 
esting detailed information on the hardening of steel, most of which 
seems to be original with him. The early seventeenth century English 
literature advocating the use of coal for smelting iron conveys little 
metallurgical information, Not until R. A. F. de Réaumur’s L’Art de 
convertir le fer forgé en acier. .. . (Paris, 1722, English trans., Chicago, 
1956), was there a book devoted solely to the metallurgy of iron and 
steel. 

Against this sparse background a book which otherwise might be 
important only to the historian of art has enhanced technological 
interest. Mathurin Jousse published his book on locksmithing a re- 


* Professor of Metallurgy at the University of Chicago, Dr. Smith has done 
outstanding research in the structure and physical properties of metals as well 
as writing on metallurgical history. His latest book is the History of Metallograpby. 
Mrs. Sisco is known for her translations of several metallurgical classics, including 
the Bergbiichlein, Lazarus Ercker’s Treatise on Ores and Assaying, and, most 
recently, Réaumur’s Memoirs on Steel and Iron. 

*The text is included in the Drey schoner kiinstreicher biichlein printed by 
Michael Blum in Leipzig, 1532 and in the Augsburg Kunstbiichlein of 1535. There 
were many reprints in various forms and combinations. H. W. Williams (Tech. 
Studies in Field of Fine Arts (1935) 4, pp. 63-92) gives an English translation of a 
1539 edition. 
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lated arts in 1627. Serrurerie, which is usually translated as lock- 
smithing, is in reality much more than this, for it encompassed the 
production of all kinds of building hardware, gates and grills, machine 
tools, and the better class of ironmongery generally, excluding only 
cutlery on the one hand and the ruder agricultural tools on the other. 
As in the case of his eleventh-century predecessor, Theophilus,’ the 
Church was the inspiration and recipient of Jousse’s technological 
skills, for he was working on the building of the Jesuit college in the 
town of La Fléche (in the Department of Sarthe), famous as the school 
of Descartes, and his book is dedicated to the Society. 


The engraved title page of the book is reproduced opposite. 
The book is folio (20 x 30 cm) and contains 4+ 152 pages. The local 
printer, George Griveau, evidently attempted to produce a folio in the 
grand style, but the task was beyond his skill and the result was typo- 
graphically inferior. Ornament and initials are poorly proportioned 
to the type, although unbroken pages of type alone are pleasing enough. 
There are 65 numbered illustrations distributed between 27 pages of 
engravings and 21 pages of woodcuts, with four additional unnum- 
bered woodcut illustrations and numerous woodcut decorations. The 
woodcuts, which are principally intended to show the internal mechan- 
isms of locks and other mechanical devices, are of very crude work- 
manship, though the engravings are well executed and show carved 
escutcheons, ornamental keys, and other work of intricate design. The 
engravings were probably made by Jousse himself. He had made the 
engravings for an edition of Jean Pélerin’s famous work on perspec- 
tive * which had been published by Griveau at La Fléche in 1626; 
reprinted in 1635 with a French translation edited by Jousse. 


Most of the designs for lock ornaments and keys in the Serrurerie 
were copied by Armand Durand of Paris and published with a page 
of introductory text by H. Destailleurs in 1874. The Victoria and 
Albert Museum issued photolithographic copies of the engravings as 
Parts 2 to 10 of a Portfolio of French Art, published in 1889. Both 
these reprints were inspired by an interest in Jousse’s rather florid 
designs, and reproduced none of the text or anything of technological 
interest. 


* The best edition of the Schedula Diversarum Artium of Theophilus presbyter 
is that by Wilhelm Theobald, published in 1933 with German translation and 
extensive notes. An English translation by John Hawthorne and Cyril Smith is in 
the process of publication. A well-edited Latin text and translation by C. R. 
Dodwell is also about to be published in London by Thomas Nelson & Sons, 
Ltd., 1961. 

* Jean Pélerin (called Viator), De Artificiale Perspectiva, Toule, 1505. The 
work is important as one of the earliest attempts to give definite rules of per- 
spective for artists, and is in some ways superior to Albrecht Diirer’s later more 
famous treatise. 
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Jousse also wrote a book on carpentry, Le Théatre de PArt de 
Charpentier (1627), and Le Secret d’ Architecture (1642), both pub- 
lished at La Fléche by George Griveau. The former work was associated 
with L’Art de Serrurier in a single royal licence. Between them these 
three books cover virtually the whole craft of building in wood, 
metal, and stone. Only the Charpenterie was reprinted—in Paris in 
1702 and 1751, the latter edition containing some added descriptions 
of hoisting machines, and some new architectural designs and data. 


Jousse’s interest was primarily in what could be made of iron and 
steel, not in the metals themselves. Most of L’Art de Serrurier is 
devoted to the design of locks and their furniture and the tools and 
techniques for shaping and finishing iron. There are chapters on the 
equipment and organization of the forge, and on the training of 
appreztices. Among the machines that Jousse describes are a crank- 
driven wheelchair and other devices for amputees, a file-cutting 
machine, a mill for rolling window leads, and a heavy screw for a 

ress. Incidental metallurgical information includes the composition 
and use of hard and soft solders, the casting of soft metals in plaster 
molds, and the blueing of steel and etching designs thereon. As a 
good craftsman he knew the importance of his materials, and he appends 
several chapters on the selection of stecl for various kinds of work 
and on the hardening and tempering of steel. It is these chapters which 
are translated in full below. 

Jousse is of particular importance in the history of metallurgy be- 
cause of his excellent description of the hardening and tempering of 
steel—he is the first writer who clearly prefers a full quench followed by 
tempering to quenching directly to the desired hardness—and for his 
discussion of tests for selecting iron and steel based on a careful study 
of surface characteristics and fracture. His treatise reflects well the 
differences between irons from different sources and even the vari- 
ability of iron from a single forge, the inevitable result of the lack of 
understanding of the effects of heat treatment and variations in carbon 
content and minor impurities. He clearly understood that a given ore 
could produce either iron or steel depending upon how it was handled 
in the fire, in opposition to the popular impression that some ores gave 
iron and others only steel. The production of steel by carburization 
in the forge fire is described, as well as that by longer heating at lower 
temperatures in appropriate compounds; i. e., the superficial carburiza- 
tion or case-hardening of finished iron objects, and the conversion of 
bars of iron throughout their whole section into blister steel for further 
fabrication. 

An interesting observation is that of the smell of sulphur which is 
emitted by hot-short iron when it is being forged. Jousse compares 
the behavior as fuels of mineral coal and charcoal. Every page bears 
evidence of having been written by a practical man describing what 
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he knows from his own experience, with no theoretical picture to 
warp his observation. 

The first chapter, on “ The Antiquity and Utility of the Art of the 
Ironworker,” reflects well the author’s sense of the dignity of his 
craft and his desire to improve it by setting the example of publication 
in the hope that all would share their knowledge. 


There is ample proof that there is no manual art to which this one should 
yield precedence; for I shall never join the ranks of those who think that the 
relative excellence of an art should be measured by the dignity of the material 
with which it works... . 

What astonishes me, considering the need for such a book in the public 
interest, is that nobody, as far as I know, has hitherto come forward and put 
anything about the art in writing. On the contrary, those with the greatest 
store of knowledge have been content with a mercenary practice, and, with- 
out bothering to pass any of it on to posterity, they have taken with them 
all the many beautiful and rare experiences which assiduous work had helped 
them to gather. This is a fact which truly cannot be regretted and deplored 
enough, and which is also the reason why I have decided to be the one to 
take the first step, urging everybody to contribute whatever he can from 
the treasury of his own art and experience. 


It is, therefore, out of this consideration that I have had this treatise pub- 
lished, not only to facilitate as much as is in my power the task of those who 
wish to begin an apprenticeship in the art but also so that those who have 
thus received assistance should feel invited to do likewise unto those who 
will follow in their steps, in order gradually to augment in this way the fame 
of the art to which we are particularly indebted. 


More than any other nation the French have been concerned with 
the publication of detailed information on the various arts and crafts, 
and Jousse was particularly the first Frenchman to do so. His example 
was followed by others in other crafts * to give a series of documents 
which reached its culmination in the eighteenth century with the 
comprehensive Description des Arts et Métiers, published under the 
auspices of the Académie Royale des Sciences, and the Encyclopédie 
of Denis Diderot and his associates. 

A translation of Jousse’s chapters on iron and steel follows: 


[137]* CHAPTER 64 
How to Recognize Iron That is Soft and Can be Worked Cold 


Since art is nothing without its material, and since the artisan, however skilled 
he may be at his craft, can produce nothing valuable or commendable unless 


*One author did more than follow the advice: he lifted the entire section on 
iron and steel from Jousse, almost verbatim and without acknowledgment. This 
is André Félibien, whose Principes de PArchitecture (Paris, 1676) is in general 
a fine, well-illustrated source of all of the crafts associated with building. 

* Numbers in brackets denote the beginning of pages in the 1627 edition. 
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he has a material or substance that is suitable for his undertaking, I consider it 
of the utmost importance to describe here the method by which good iron can 
be distinguished from bad, so that the smith, certain of his material, can practice 
and apply his art to it surely and confidently. 

In order to select soft iron, it is first of all necessary to know from which 
forge it comes and whether the ore used was soft or brittle, although it may 
happen that iron from the same forge and from similar ore sometimes turns 
out soft and sometimes brittle, even from the same pig. Pigs are large pieces 
of [cast] iron, ten or twelve feet long, weighing fifteen or eighteen hundred 
pounds or more, and of a triangular shape, which, after originally being cast in 
sand [at the blast furnace], are then brought to the forge. One end is there 
placed in the large hearth, where the refiner heats it until it begins to mele, 
although he does not cast it again as in the beginning. When <ie end (as a 
guess, a piece weighing fifty or sixty pounds or more) is very hot, the refiner 
breaks it off and lets it fall on to the bottom of the hearth, where he lets it 
heat, turning it in the fire and throwing dry sand on it to prevent it from burning. 
When it is very hot, it is removed from the fire and subsequently placed under 
the big hammer which strikes upon it, lightly at first, to double it, weld it, and 


5 The operation referred to is fining, in which wrought iron was produced from a previously 
smelted cast iron. In chemical principle it was similar to the later puddling process, from which 
it differed in the form of the furnace used and the disposition of the fuel and oxidant. It was 
quite distinct from the earlier medieval bloomery, wherein the ore was reduced directly to 
metallic iron in spongy aggregation without ever having been heavily carburized or melted. 
In the seventeenth century the indirect process was growing in importance because of its 
efficiency, but there was still a good deal of iron made by direct reduction from the ore in 
the bloomery. In the finery hearth a piece of cast iron from the blast furnace was melted 
and then subjected to an oxidizing blast to remove the carbon, silicon, and some other im- 
purities. Most of the action would be indirect, through the intermediacy of iron oxide-rich 
slag. The metal was maintained at such a temperature that, as the carbon was removed, the 
purer iron crystallized out of the liquid to form solid grains, which were gradually gathered 
together into a lump and then forged to remove as much as possible of the entrained slag. 
Good descriptions of the process can be found in John Percy, Metallurgy, Iron and Steel 
(London, 1864) and H. R. Schubert, History of the British Iron and Steel Industry, 450 BC 
to 1775 AD (London, 1957). Since the impurities were progressively concentrated in the liquid 
which decreased in amount at the end of the refining it was easier to remove them by oxidation, 
and the granular crystalline material was of higher purity than if the whole mass had been 
liquid. In essence a simultaneous physical and chemical purification takes place—zone-melting 
plus oxidation. In the case of the uniform liquid steel of the Bessemer and Siemens processes, 
purification must carry the whole liquid to the low concentration of impurities which is desired 
in the final metal. 

The modern use of the word steel covers almost any alloy of iron. In Jousse’s day steel was 
simply an iron-like material that was capable of being hardened by quenching. Many people 
thought that steel came from ores that were distinct from those of iron, although Jousse 
correctly stated that an ore will give either material depending on the management of its 
smelting. It was not cast and never had been molten except as an intermediate stage in cast 
iron. If the finery operator was making steel, he withdrew the metal from the hearth before 
refining was complete, or else held it in prolonged contact with hot charcoal. In some areas 
steel was made by immersing iron sponge or plates in a bath of molten cast iron. The role 
of carbon as a constituent in the metal was, of course, completely unknown at the time, and 
furnace operations had to be empirically adjusted to produce material of the quality desired. 
In the absence of chemical control the appearance of the fracture was practically the only 
index of satisfactory materials, and it was uatural for Jousse to pay so much attention to this, 
The point is discussed at some length in Cyril Smith, History of Metallography (Chicago, 1960). 

Apart from the obvious danger of enclosing blobs and stringers of slag (some of whic: was 
inevitable, and even desirable if sufficiently finely dispersed, when it gave a fibrous texture to 
the iron), the principal defects in wrought iron were of two kinds—hot shortness, due mainly 
to the presence of sulphur (which gives rise to a low melting point liquid that is carried by 
capillarity between the crystals of iron), and cold shortness, which was principally due to the 
presence of phosphorus and caused the iron to break with a brittle transcrystalline fracture. 
Though these phenomena were clearly distinguished at an early date, and related to char- 
acteristic differences in the details of texture of the fracture, their chemical explanation was 
not forthcoming until the end of the eighteenth century. 
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draw it out into a bar two or three feet long. It is then allowed to cool. While 
the bar is being drawn out, the forge fire continues to burn, and the aforesaid 
pig gradually moves by itself farther and farther into the fire because the other 
end lies higher than the hearth. At times, when the iron that comes out of the 
fining hearth is too hot and boiling, the refiners throw on it small, almost 
powderlike, pieces of still unrefined iron. I believe that it is this [cast] iron or 
the sand that is thrown on which is responsible for those grains in the [wrought] 
iron which are so hard that they sometimes have to be removed with a chisel or 
burin.* When you know from what kind of ore the iron has been produced, 
you can judge it by the following means without breaking it. 

Choose iron bars on which you see small black veins running lengthwise; 
these bars should feel flexible when they are handled’ and have no tears,* 
if you can find any. Above all there should be no cracks on the bars, that is, 
no small transverse fissures. If these occur, it is a clear sign that the iron is hot 
short, which means brittle when hot, and that there will be trouble in forging. 
In order to ascertain better whether the iron is soft and ductile when cold, 
it must be forcefully thrown flat [138] on the pavement of the street. If it does 
not break then, it will be ductile. In order to make doubly sure, take a cold 
chisel made of good steel and with it notch the bar in a transverse direction at 
the place where you wish to break it. Then put it in a “breaker” (or over a 
hollow specially made in a piece of wood or stone, or on a wooden block on 
which two pieces of iron bar are laid six inches apart from each other) in such 
a way that the part of the bar that is to be broken is over the empty space. Then 
strike it with the peen of a heavy hammer. If you have no breaker, break it 
on the anvil. 


How to Distinguish Good Iron from Bad after It Has Been Broken 


Soft iron can be recognized by the color of its fracture. When this is black 
over the entire cross-section of the bar, it is a sure sign that you have good iron 
which can be formed cold and worked with the file; for the blacker the fracture, 
the softer will be the iron to the file and the more ductile. But it is likely to 
have cindery spots, by which I mean that it will not be bright and shining when 
polished but will have spots on its surface which look as if gray cinders were 
mixed in with it. This makes it difficult to polish it and give it a high luster. 
I do not wish to imply that this is the case with all bars that are so black, but 
it happens very frequently. 

Other iron bars have a gray fracture, that is, black mixed with white. Iron 
of this color is much harder and stiffer on bending than the previous kind. it is 


* The addition of dry sand was for the purpose of fluxing iron oxide and oxidized impurities, 
while the addition of grains of cast iron (which was not a common process) was supposedly 
for the purpose of correcting over-oxidation, or perhaps actually to harden the finished iron 
by introducing a small amount of carbon into it. This would be useful if it were given time 
to diffuse uniformly, but, as Jousse remarks, very undesirable if local hard spots of cast iron 
remained. 

7 souples sous la main en les maniant. It is surprising that all of the bars being tested, 
including the steel of Chapter 66, to which the same phrases apply, were long and thin enough 
to be plastically bent by hand. It is possible that Jousse is referring to the use of some kind 
of a hand tool for testing the softness of the metal by cutting or filing it. 

8 paillures. Réaumur (L’Art de Convertir le Fer Forgé en Acier. . . . Paris, 1722, English 
trans., Chicago, 1956, p. 362) defines pailles as badly welded spots, or, in English, “ laps.” It 
is obvious from the following sentence that Jousse uses the expression in a much broader sense 
for any surface tear, including cracks of different kinds as well as laps. 
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very good for use by blacksmiths for shoeing horses and to make the tools used 
by edge-tool makers, and is used also by wholesale producers of blacksmiths’ 
ware. But as far as working with the file is concerned, the iron is likely to have 
grains and spots which cannot be removed with the file. If one of these occurs 
in the stem of a key which must be bored or drilled, it prevents the drill from 
going in straight and will cause the key to break. 

Still another kind of iron has a mixed fracture—part of it being white and 
the rest black or gray—and a somewhat coarser grain than the iron previously 
described. This is often the better iron. It forges more easily, is not likely to 
have cindery spots, has no [imbedded hard] grains, and polishes more easily. 
I believe that it is the best kind for forging, working with the file, or easy 
polishing; for it is refined by forging and acquires an entirely black fracture 
when it is being worked. 

Still other bars have a very small grain, like steel, and are ductile when cold. 
This kind of iron is difficult to work with the file and boils in the hearth. Even 
though it is difficult to forge or file, it is very well suited for use by blacksmiths 
who produce tools for working the earth. 


[139] How to Recognize Iron That Is Brittle When Cold 


Another kind of iron has a coarse, bright grain in its fracture like bismuth or 
talc. This iron is practically worthless, for it is cold-short and weak in the fire, 
being unable to withstand great heat without burning. Furthermore you will find 
when you handle the bars that they feel stiff to the hand, and a bar that is 
thrown down on the pavement, as I have described, will break at three or four 
places at a time. Thus, this iron can neither be dressed nor worked cold, and 
some of it becomes more brittle when forged into small pieces than it was before 
it was reforged, which clearly indicates that the ore used for it was brittle or 
that the iron was melted and refined with freshly made charcoal just coming 
from the kiln.* 


[140] CHAPTER 65 
How to Recognize Hot-Short Iron Or Iron That Is Brittle When Hot 


This is recognized by cracks or fissures which run across the faces of the bars. 
Such iron is usually ductile and malleable when cold. Another sign indicating 
hot shortness is that, when being forged, such iron smells of sulphur *° and that, 
when it is struck, small sparks resembling little flames or fiery stars come out of 
it. When it reaches the color that is bad for it, which usually means a little whiter 
than cherry red, it breaks when hot, sometimes right across the piece. If it is 
hammered or bent while it is at this malignant color, it becomes full of tears. 
This describes the iron called hot short. 

Iron from Spain is very likely to be of this quality and to contain grains which 
the file cuts only with difficulty. 

All old iron that I have used that had long been exposed to the air or to 
evening dew was hot short. 


® There is no basis for Jousse’s belief that fresh charcoal makes iron cold-short, or for his 
later statement that it burns more rapidly in the fire: but he was correct in paying attention 
to his fuel nevertheless. 

10 This is the earliest statement that definitely relates hot shortness of iron to its sulphur 
content. 
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There is no doubt that this is connected with some corrosive and biting quality 
of dew as experience demonstrates. It is a known fact that, when some part of 
the body is immersed in dew, it itches and sometimes even becomes chapped, 
which can only be caused by some biting quality which abrades the skin. It is 
not astonishing, therefore, that iron exposed to dew is changed and transformed 
and becomes, as I said, hot short. 

We have in France some very good iron ores—if only they were carefully 
selected and cleaned and if, after being mined, they were kept for some time 
where they are exposed to the air; if only they were smelted and refined with 
charcoal made of young wood, prepared one or two years in advance, and kept 
in a dry place before the iron is melted and refined (because charcoal made 
fresh and of old wood makes this iron brittle, and the charcoal lasts hardly at 
all in the fire). 

There are other ores in France which are used only to make iron; but they 
could furnish good steel if they were correctly managed and worked. I believe 
that this is much more a question of method than of quality, and that our mine 
and forge owners do not try hard enough to find and employ men who are 
capable and experienced enough to smelt and refine these ores and to know what 
kind of charcoal to use; for the role played by the charcoal is an important one, 
as I shall explain elsewhere. 

[141] There are still other ores which, if they were skillfully sought, managed, 
and refined by people with experience, would prove of great value—if negligence 
would not dull the desire to find marvelous things to be relished with great satis- 
faction, if people with inquisitive minds would follow their instinct and investigate 
what mother nature secretly and gradually creates in her womb. This surely 
deserves painstaking effort; for things of value cannot be bought except with work. 


CHAPTER 66 


How to Distinguish Good Steel from Bad 


If there is anything where not only the locksmith but any other person who 
wishes to have anything to do with the forge and iron must proceed with par- 
ticular diligence and care, it is in the selection and choice of steel. You accomplish 
nothing by having good iron and by knowing how to work and forge it if, at 
the same time, you do not know thoroughly and perfectly how to face it with 
steel.** Since nothing can be produced without tools and these are useless unless 
they are made of good, well chosen steel, it is obvious that without steel and 
without knowledge of steel it is impossible to produce anything that is reliable 
and profitable. 

In order to make a good selection from among the small pieces of our common 
steel (which is known as Soret, Clamecy, or Limousin steel, is the cheapest that 
can be bought in France, and is sold in the form of small squares approximately 
three inches on edge) it is necessary first of all to ascertain whether the squares 
have tears or overheated spots and whether black or straw-colored veins are 
visible in the fracture. All these are indications that a steel is not good. But if 
the squares are clean, without tears or overheated spots, and if in the fracture 


11 Many tools were made of iron with an edge or face of steel, applied by welding to those 
places where the principal wear was to come. The process was known as steeling. Although it 
was done principally to avoid expense, it would generally give a more serviceable tool, com- 
bining toughness and hardness more effectively than in a tool made entirely of steel. 
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produced at the end of such a piece the steel is sound and the grain is white and 
fine, it is a sign that the steel is good. 

There are other square pieces, which are bigger and weigh half again as much, 
but which are produced from the same ore as the little squares known as Clamecy 
steel. These must be selected in the way I have described. This steel and the 
little squares of Soret steel are good for working the earth and for heavy pieces 
of blacksmith ware. 

Piedmont Steel 


Piedmont steel is sold as square pieces which are a little bigger than those of 
Clamecy steel. A square weighs........ *2 and sells for three sols, six deniers. 
In making a selection one must ascertain that the pieces are clean, that they have 
no tears nor overheated spots, which are recognized when there are places which 
are lumpy, have transverse fissures, and feel stiff when handled, all of which 
proves that the steel will be dificult to use and to hammer weld. Inspect the 
fracture to make sure that there are no yellow-looking spots, because this color 
is additional proof that the steel is difficult to weld and to unite with iron or 
another steel. 


[142] But when the piece is bright and clean and when the grain is distinct, 
small, and white, and there are no black veins, and when it breaks easily at the 
quenched end when you strike it against a piece of iron or another square of 
steel, it is a sure indication that you have good steel, steel suitable for the produc- 
tion of the implements used for cutting bread, meat, horn, wood, paper, and the 
like, after it has been piled and welded as I shall explain hereafter. 


Another Kind of Piedmont Steel 


There are two kinds of Piedmont steel, made by different processes. One is 
artificial and the other is a natural steel produced from a good ore, but it is the 
latter which usually has tears and overheated spots and a coarse grain of a pale 
color, and which is very difficult to weld. The artificial steel is the more common 
variety."* It is made of small pieces of iron, which are placed in alternate layers 
with specially prepared crushed wood charcoal in a large crucible or specially 
made fire-resistant pot, which has a lid and is covered in such a way that no fumes 
can escape. Subsequently this pot is placed in a kiln in which lime is burned or 
tiles, brick, or earthenware are fired or, better still, in a specially made furnace 
which is used for no other purpose. 

This steel is of good quality provided that it has been refined ** twice and 
that the charcoal with which it was refined was freshly made shortly before it 
was employed. Note that not just any charcoal is suitable; do not go wrong 
here. The crucible must be exposed to a violent fire for two days and two nights, 
the longer the better, provided that it admits no air. This steel is good for 
working the earth and to steel-face hammers and other tools used for forcible and 





12 Lacuna in original text. 

18 This is the earliest good description of bars of “ blister” steel made by the cementation 
process as distinct from short heating directly in the charcoal fuel of a hearth. Porta (1589) 
described the box-hardening of armour and files. It is interésting that Jousse refers to cementa- 
tion steel as the more common variety from Piedmont. The process is generally supposed to 
have developed in the low countries and Germany and to have spread to England very early 
in the seventeenth century. (See Schubert, loc. cit., pages 321-330, who does not, however, 
mention Porta or Jousse.) 

14 affiner. Note that, following Aristotle, steelmaking was thought to be a process of further 
refining. Réaumur first proved the contrary. 
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violent work. Under certain circumstances, it is also used for cutting tools, when 
it is thoroughly refined and properly quenched. 


Steel from Germany 


This steel is sold as small square bars, seven or eight feet long. It is very well 
suited for making springs for locks, the backs of crossbows, swords, springs for 
arquebuses, and other springs. In order to be good steel it must be clean, without 
tears or overheated spots, and without black veins or streaks of iron. All this 
can be detected in the fracture. 


Carme Steel, or Steel with a Rose 


We import this steel** into France from the states of Germany and from 
Hungary. It is very good for making cold chisels, burins, gravers, scythes used 
to cut grass, and for other tools for stones, horn, paper, and wood. This steel 
and the one described in the preceding section are among the best we use in 
France. It also is recognized as good if it feels flexible to the hand all along 
the bar and has no tears nor overheated spots; and if in the fracture, right in 
the center, there is an almost black area verging on violet, with very fine grain 
and without any yellow spots or signs of iron, and if this area is found in the 
cross-section of almost the entire bar from one end to the other, these are sure 
indications that the steel is good. On the contrary, if the bars have tears and 
overheated spots, and if there are any veins in the fracture, the steel is not good. 


Steel from Spain 


We import from Spain big square bars, five, six, or seven feet long and eighteen 
or twenty lines square. This kind of steel must be selected like the ones previ- 
ously described. If it is well selected, this steel is suitable for steel-facing anvils, 
bickerns, big hammers, and other heavy tools. 


[143] Another Steel from Spain Called “ Grain” Steel 


We use still other kinds of steel from Spain, which are called acier de Grain, 
or else acier de Motte or Mondragon.** This steel is sold in big masses, in the 
shape of large, flat cakes, sometimes eighteen or more inches in diameter and 
two, three, four, or five inches thick. It is good for use as cold chisels, for steel- 
facing iron in crushers, hammers, and other heavy tools that must be hard and 
have to withstand much wear, and for cutting hard objects such as stone, marble, 
and the like, provided it is well chosen and well refined. 

In order to indicate good quality, the fracture of the steel must have a fine 
grain and it must be almost completely yellow without black veins or any sign 
of iron. The workpiece must be taken from the center of the cake with. as 
little as possible of the crust. If the grain is coarse and bright, with black veins 


18 For a discussion of acier @ la rose see Réaumur (English translation, Chicago, 1956, 
p. 178). J. B. Giraud (“‘ L’Acier de Carme . . .” Docs. pour servir a histoire de Armement au 
Moyen Age et Renaissance, Vol. II, 1889-1905, pp. 273-284) discussed Carme steel (not men- 
tioning Jousse) which he suggests is simply Carinthian steel, the name being corrupted through 
the sequence Karthner, Karner, Carner, Cram, and Carme. A 1657 document which he quotes 
required steel] bars to be marked for the merchants of Lyon with identifications of crossed 
feet, squares, or the rose—which suggests a stamped trademark, not an internal temper color 
which is unmistakably what Jousse, Réaumur, and Perret have in mind. 

16 Mondragon, in Guipuzcoa, was a preferred source of steel for the exterior parts of the 
famed Toledo blades. 
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and without showing any yellow, or if a piece from the rim of the cakes is taken, 
this steel will probably be worthless. Before it can be used and doubled and 
hammer welded, it must first be placed in a fire of charcoal or mineral coal. 
However, charcoal is to be preferred for this steel (as well as for the others 
which I have discussed heretofore) for mineral coal burns more violently and 
hotter than charcoal, and it is therefore not as easy to recognize when the iron 
or steel is hot because of the flames which surround it. This I have said before; 
I wished to repeat it here to be helpful to the reader. 

After you have placed your steel in the fire and have heated it for some time, 
leave it there undisturbed for a short while and let it boil in the fire, sometimes 
throwing fine sand or smooth clay on it to cool it and prevent burning. After 
you have let it boil a short while in the fire, take it out and strike it as fast and 
as lightly as you can to flatten it and draw it into small flat bars, two lines or 
more thick. Then heat it until it is cherry red and plunge it in water. Subse- 
quently, break it into small pieces and place them one upon another on an iron 
sheet, two or three lines thick, which has been covered with smooth clay tempered 
with water. Then heat the steel thus loaded on your iron sheet—and heat it 
gently. Afterwards you must nimbly remove it from the fire, striking it quickly 
and lightly, as you did before. When it has been thoroughly welded, draw it 
out to any thickness desired. It is possible to pile and hammer weld and refine 
the little squares of Soret, Clamecy, Piedmont, and other steels, and even to use 
them together and hammer weld one to another. This is sometimes done by 
cutlers and other experienced master craftsmen who know well how to use steel. 

As far as Spanish and German steels in the form of bars are concerned—such 
as Carme steel (the Rose steel), and also steel from Hungary and other steel 
which is offered for sale as bars—they are not as frequently piled as steels sold 
in the form of squares, because they are not as commonly used for edge tools 
as Piedmont steel and others sold as square pieces. 

Furthermore, in order to be of good quality and to be well chosen, all the 
steels of which I have spoken so far must be expertly handled in the fire; they 
must be protected against burning and overheating, which can be done in the 
way indicated. 

But to forge his iron and steel expertly is not the most important task of the 
smith. He must know well how each kind of steel has to be quenched; and con- 
sidering the product which he intends to make he must know how to find the 
steel suitable for his work. For not every steel is suited for making every kind 
of product. 


[144] CHAPTER 67 
DEALING wiTH DIFFERENT METHODS OF QUENCHING STEEL 


We now come to that which constitutes the crowning accomplishment of the 
art—I mean the different methods of quenching iron and steel.** I hope that this 
will be as pleasing and agreeable to all smiths as it will be useful and profitable 
to each individual one. It seems that here we are dealing with one of the principal 
parts of the art because, even though it may be extremely necessary to select 
one’s material judiciously, to forge it well, and to work it well with the file, 


17 This section on quenching is of great interest, for Jousse is the first writer clearly to 
describe the tempering process. Prior to the sixteenth century it seems that most hardening 
of steel was done in such a way that the tempering occurred during quenching, either by 
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nevertheless all this will amount to nothing or very little if a mistake is made 
in quenching. It is, therefore, the duty of a skillful and experienced lockmaker 
and smith to treat this part of the art with special regard, to choose the right 
kind of water, and to apply to this subject all the necessary artifice. I hope that 
those wko understand and make use of what I shall say in this little treatise will 
derive a special satisfaction therefrom. 


How to Quench the Little Squares of Limousin, 
Clamecy, and Artificial Steel 


After your pieces have been forged, faced with steel, and dressed, heat them 
a little beyond cherry red; then quench them in well or spring water—the colder, 
the better. Some people put glass in the forge fire before the steel is heated therein 
and make it melt and coat their entire workpiece; they then quench it very hot. 
I believe that this accomplishes nothing. 

Others take common salt, crush it, and put some of it on the steel when it is 
hot and ready to be quenched. I believe that this makes the steel harder and 
less likely to break. For this reason I use this practice with my own hammers, 
and with other similar pieces, to make them harder and give them more resistance 
to withstand the blows and stresses to which they are subjected. 

After you have heated your steel and put salt on it, you will immediately put 
it in fresh water, as described, and keep it there until it is cold. If it seems 
advisable, you will subsequently temper it. 


How to Quench Piedmont Steel 


If you have made implements for cutting bread, meat, wood, horn, paper, or 
the like, they must be quenched cherry red and later tempered at such a heat 
that, when you pass a piece of dry wood [145] such as the handle of a hammer 
or the like over the cutting edge, the shavings or scrapings that come off the 
wood will at once burn on the piece. If this happens, it will be satisfactorily 
tempered. Remember that every steel that has been quenched too hot will be 
ruined and can never be given additional hardness. Many people do not agree 
with this. If steel has once been quenched too hot, it will always be worthless 
if you have failed to do it right the first time you quench it. 

If it has not been quenched too hot but the tool does not turn out satisfactorily, 
you can quench it again and produce a better tool than by the first quench, as 
long as you recognize your mistake and know how to temper the steel. It is 
similar with all other kinds of steel, which you must be able to distinguish from 
each other before you can be sure of how to quench and temper each one. 


How to Quench Spring Steel from Germany 


The best and most natural of all waters is the dew of the month of May 
collected and squeezed out in the morning, at sunrise, at some elevated location, 
from cereal or other grasses, since it is less earthy, more subtle, and much more 
effective when it has been taken and pressed out of them at a time when all plants, 
roots, and herbs are at the height of their vigor. Its effect will be especially 


successive immersion and withdrawal or by the use of quenching media which would leave 
an insulating deposit which would prevent too rapid cooling. Biringuccio (1540) clearly 
describes the colors, while Porta mentions colors, both of quenching and of tempering, but 
relates them to a single process. It may be, of course, that tempering was used as a secret 
for centuries before it appeared in any written descriptions. 
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pronounced if it is collected or squeezed out when the wind blows from the 
north or northeast. For the coldness of the wind makes the dew more penetrating 
and effective, so that the steel that is quenched therein is left harder. 

Take of this water six, seven, eight, or nine times the weight of your steel and 
put it in a vessel. Then heat the steel gently until it has become cherry red and 
take care that it heats evenly throughout, that no scale forms, and that it does 
not heat too rapidly. Then place it in the afore-mentioned water deep enough so 
that it cannot be touched by either draft or still air and let it cool there. After- 
wards take it out and clean it with sand or ashes until it is white and all scale has 
been removed. 

When your spring has been quenched and cleaned, put it back on the fire and 
let it slowly temper. It will immediately become yellow, blood-colored, violet, 
water-colored, and grayish-black. When it has reached this color, it must be 
removed from the fire, and a piece of dry wood must be passed over it, as I 
described in discussing Piedmont steel. When the scrapings or shavings of wood 
burn on it, take the horn of a sheep, a male or female goat, an ox, or any other 
oily horn and pass it over and rub it on the afore-mentioned spring; or pass over 
it a feather [dipped in] oil, candle grease, or any other grease. Then put the 
spring back again on the fire for a short while. When you have rubbed it with 
oil or grease, this must be allowed to flame up and burn on it, and then you will 
have to see once more whether the wood will burn. Afterwards the spring is 
allowed to cool, and you are finished. 

It is quite feasible to quench springs in forge or river water as well as in spring 
or well water. But if you wish to quench them in spring or well water that is 
found to be too cold, you must pour it into a vessel in which you can stir and 
agitate it with a piece of wood or by hand. In this way you will soften the effect 
of the water even if it is ever so harsh. 

If springs, or similar pieces, are quenched in well or spring water that has not 
been agitated, the spring will be likely to break either on quenching, if the steel 
is brittle, or else on bending. 


[146] How to Quench Carme Steel, or Steel with a Rose 


Heat your steel cherry red, using nothing but wood charcoal, and quench it 
in well or spring water; the colder and more penetrating the water, the better. 
If you are quenching a chisel or any other thin object, the steel is likely to 
break and split in the water. To circumvent this danger, immerse the thick end 
first in the water, the end that is the least hot and which is not intended for 
service. Lay it right down on the bottom of the vessel containing the water, or, 
as an alternative, pour molten grease on the water, which may be tallow or any 
other grease; then, after the piece which is to be quenched is hot, it is passed 
through this grease which floats on the water, and this will keep your tool from 
breaking. When it has been quenched, it must be tempered, after being cleaned 
as I have described, so that the temper color which you wish to give it can be 
more easily seen. 

Tools for cutting iron, such as burins, gravers, chisels, and the like, are tempered 
at a yellow that has a little red in it and are then allowed to cool. If your tools 
splinter or break in use, place them back on the fire for a short while or upon 
any heavy piece of hot iron in order to temper them more. Let them, for 
instance, tend toward violet in color until they are of the desired quality. In 
this way you can make them as hard or soft as you wish, provided the steel 
is good. 
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Carme steel and steel from Hungary are also very well suited for making 
scythes for cutting grass or straw, and for making other tools. After such scythes 
have been made and dressed as necessary, they are quenched in a small trough 
or any other vessel which is as long as the scythe and deep enough for such tools 
to be completely immersed. It is customary to fill this trough with beef suet or 
any other grease, to which is sometimes added a small amount of [mercury] 
sublimate, arsenic, dragon’s blood, copperas, verdigris, antimony, or rock alum. 
But I believe that these additions to the grease accomplish nothing. The scythes 
are quenched cherry red; then, depending on the quality of the steel, they are 
tempered violet or gray. 

Scythes are sometimes quenched in the dew which I have spoken of before, 
mixed with rue and several other strong drugs and herbs, which accomplish 
nothing. Such water is capable of producing good tools provided the steel is 
good and it is properly tempered, which means tempered as described for spring 
steel. No other treatment should be tried. 


How to Quench Steel from Spain 


The steel from Spain that is sold in the form of heavy bars must be quenched 
like the Soret, Clamecy, and Limousin steels. Heavy pieces like anvils, bickerns, 
hammers, and the like are not tempered. They are quenched in their entirety in 
well or spring water—the colder and more penetrating the water, the better. 

The other steel from Spain, which is sold as blooms, must be quenched and 
tempered like Carme steel, the steel with the rose. It has the same characteristics. 


[147] CHAPTER 68 


How to Harpen *® Fires AND OTHER TOooLs 
Mabe or ErrHer [Ron or STEEL 


The best and most reliable method of hardening files and other pieces made 
of iron is the ordinary one in which chimney soot is used. It is important, 
however, to take the coarse soot which collects on chimney walls and is the 
hardest and driest kind that can be found, and not to forget to mix clay with 
the soot, which must be thoroughly crushed and pulverized so that it can be 
passed through a sieve. It also must be tempered with urine and vinegar, and a 
little common salt or pickling brine (which is dissolved salt) must be added. 
When all this is blended together, one has to be careful not to add too much 
urine and vinegar but to add it little by little and always to mix and grind hard. 
In this way only very little will be used to thin your soot, for the more you mix 
and grind, the more liquid the soot will become, and hardly any vinegar or urine 
will be necessary to thin it until it becomes as liquid as mustard. 

After your soot has thus been blended, take a mixture of vinegar and salt and 
with it rub and scour your files by hand or with a cork in order to remove the 
grease which is put on them when they are cut. After they have been thoroughly 
degreased and scoured with the aforesaid vinegar and salt mixture, rub your 


18 The word here is tremper (quenching) as in the preceding chapter, not endurcir (hard- 
ening). Since, according to modern English usage, the two terms are not synonymous when 
they refer to the heat treatment described in this chapter, “‘ hardening” has been used in the 
translation, although Jousse thought of the hardening of files not as carburization followed 
incidentally by water quenching but only as another quenching operation incidentally preceded 
by special preparation in the boxes. This attitude persisted for at least another century. 
Réaumur (loc. cit., p. 242) still has it but is aware of its fallacy. 
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pasty soot into them; make it enter into all the cut grooves of the file and cover 
them with it. Afterwards place them in an iron box or inside a hollow tile or 
something similar. If you have no box, you can make one of beaten smooth clay 
of the kind used in brazing. The aforesaid files are placed in the box in alternate 
layers with the soot. In the middle of the box is placed a tube made of iron 
or paper, which is as long as the files. It contains a test piece, that is, a little 
iron rod placed inside the tube, which is to be withdrawn when according to 
your estimate the files will be almost hot. Place all your files in the box in this 
way, and cover them with soot. When they are all in the box, together with the 
soot, tie them up firmly in a piece of cloth, which must have been placed inside 
the box before the files were put in. Then you can easily tie up all the files 
with the soot by binding the corners of the cloth together with a string. After 
they have been thoroughly bound and tied up, the whole bundle will be covered 
with clay which has been beaten as in brazing, so that the files cannot be touched 
by any draft of air. Subsequently they will be placed in a wind furnace made 
of tufa, brick, or the like and heated with wood charcoal. They will be left 
there until they have reached a color somewhat beyond cherry red as if [148] 
you wanted to quench steel and produce tools for working the earth. You will 
recognize whether this color has been reached by means of the iron rod or test 
piece which is gently pulled out of the tube. 

Small files made of iron must be heated and quenched much hotter than if 
they were old files, recut the second or third time, or if they were made of steel. 

When you see that they are hot enough, they must be thrown into a vessel 
full of spring or well water, which will be the more effective the colder it is. 
If the files become bent in quenching, they can be straightened by bending them 
gently in the water before they are entirely cold and before they are taken out. 
If you wait to straighten them until after they are dry, you will break them 
in bending. 

After they have cooled, they must be cleaned and scoured with wood charcoal 
or cork to remove the scum and soot which have remained in the grooves. When 
they have thus been cleaned, they are placed before the fire to dry until they 
are quite hot and all the moisture has evaporated. Then you put them in alternate 
layers with wheaten bran in a box or case to protect them against rust. 

When you have smooth files, they must be wrapped or packed in oiled paper 
lest the very fine flour contained in bran enter into the grooves of the files. 


Another Way of Hardening Small Files, Taps, or Drawplates 


If you wish to harden small files, taps, drawplates, and similar tools which do 
not have to be as hard and as rigid as those previously discussed, take old shoes 
or boots and wash and clean them to remove all dirt. Then allow them to char 
in the fire, and crush them promptly lest they be turned quickly into ashes. After 
they have been reduced to a powder, pass it through a sieve and mix it with 
vinegar or urine, or both, and add a little of the soot of which I have spoken 
before. Then pack your files in a box in such a way that they cannot be touched 
by 2 draft, heat them, and throw them into cold water as before. If they should 
become bent or distorted in quenching, straighten them in the same way. 

Note that, if they are well hammered when cold before they are cut and 
hardened, they can be easily straightened, especially files used for slitting. 

There are still several other methods of hardening, which I did not wish to 
describe, because they are not as reliable and easy to use nor as cheap as these. 








Bibliographical Notes 


A BIOGRAPHICAL BIBLIOGRAPHY OF ELECTRICAL 
ENGINEERS AND ELECTROPHYSICISTS (PART II) 


THOMAS JAMES HIGGINS* 


This second part of “A Biographical Bibliography of Electrical 
Engineers and Electrophysicists ” comprises items published in periodi- 
cals. As in Part I, dealing with books and published in the preceding 
issue of Technology and Culture (Vol. II, No. 1 [Winter, 1961], pp. 
28-32), individual items are listed alphabetically by the surname of the 
person concerned, multiple items concerning an individual being listed 
chronologically.* 


Part II: Prriopicat ITEMs 


Dr. Edward G. Acheson and His Work, F. A. L. P. Lessing, Scientific American, 191 
J.  Fitz-Gerald. Transactions, American (July, 1954), pp. 2-4. 
Electrochemical Society, 43 (1923), pp. 5-9. [Armstrong], F. K. Vreeland. Scientific Ameri- 
Comfort Avery Adams—1940 Lamme Medalist, can, 19: (September, 1954), pp. 20, 22. 
P. L. Alger. Electrical Engineering, 60 Creativity in Radio: Contributions of Major 
(1941), 369-70. Edwin H. Armstrong, J. R. Ragazzini. 
[E. F. W. Alexanderson], The 1944 [Edison] Journal of Engineering Education, 45 
Medalist, R. C. Muir, Electrical Engineering, (1954), pp. 112-9. 
64 (1945), pp. 138-9. Edwin H. Armstrong, G. W. O. Howe. Wire- 
Career of Philip Langdon Alger, B. M. Cain. less Engineer, 31 (1954), pp. 53-4. 
Electrical Engineering, 78 (1959), pp. 822-4. H. D. Arnold: His First Job. Bell Labora- 
Andre Marie Ampere, R. Appleyard. Elec- tories Record, 1 (1925), p. 26. 
trical Communication, 5 (1926-27), pp. 197- Dr. H. D. Arnold, E. H. Colpitts. Bell 
209. Laboratories Record, 6 (1928), pp. 411-3. 


Eulogy on Ampere, M. Arago. Smithsonian Harold De Forest Arnold. Bell Laboratories 
Institution Annual Report, 1872, pp. 111-71. Record, 11 (1932-3), pp. 351-60. 
Ampere and the Birth of Electrodynamics, H. Harold De Forest Arnold. Journal, Acoustical 


Berring. Weston Engineering Notes, 13 Society of America, 5 (1933), pp. 79-81. 
(March, 1959), pp. 8-12. Svante August Arrhenius, Obituary 1859-1927, 
My Part in the Development of the Motion J. Kendall. Scientific Montly, 25 (1927), 
Picture Projector, T. Armat. Journal, Society p. 478. 
of Motion Picture Engineers, 24 (1935), James Percy Ault, 1881-1929, H. D. Harradon. 
pp. 241-56. Terrestrial Magnetism and Atmospheric 
E. H. Armstrong—Edison Medalist, A. Hazel- Electricity, 34 (1929), pp. 273-8; comments 
tine. Electrical Engineering, 62 (1943), by F. E. Wright, H. W. Fisk, pp. 279-80. 
pp. 147-9. William Edward Ayrton. Electrician (Lon- 
The Late Edwin H. Armstrong, L. P. Lessing. don), 28 (1891-2), pp. 346-7, 360. 


Scientific American, 190 (April, 1954), pp. Obituary: Hertha Ayrton. Journal, Institu- 
64-9. tion of Electrical Engineers (London), 61 
{Armstrong Patent Dispute], L. DeForest and (1922-23), p. 1151. 


* Dr. Higgins, Professor of Electrical Engineering at the University of Wiscon- 
sin, has published many papers in scientific and technical journals, including 
bibliographies of biographies of physicists, astronomers, metallurgists, and engineers. 

* Items on Oliver Heaviside and Lord Kelvin are omitted from this list. These 
are to appear in separte articles now being prepared. Items on Benjamin Franklin 
are restricted primarily to those on his scientific and technical work. 


146 





VG 


be CD 


te 


we FF 





A Biographical Bibliography of Electrical Engineers (PartIl1) 147 


Obituary: Prof. William Edward Ayrton, 
Perry. Nature, 79 (1908-9), pp. 74-5. 

Obituary: William Edward Ayrton. Journal, 
Institution of Electrical Engineers (London), 
43 (1909), pp. 821-2. 

Obituary: William Edward Ayrton, 1847-1908. 
Proceedings, Royal Society of London, 85A 
1911), pp. i-viii. 

Bacon and Gilbert, M. Boas. Journal of the 
History of Ideas, 12 (1951), pp. 466-7. 

Did Bacon Know Gilbert’s De Magnete? H. 
D. Roller. Isis, 44 (1953), pp. 10-3. 

John Logie Baird and Stereoscopic Television, 
A. A. Guilland, Radionics, 1 (July, 1943), 
pp. 8, 24-5. 

Obituary: John Logie Baird, G. K. M. 
Journal, Royal Society of Arts (London), 
94 (1945-6), pp. 503-4. 

Mr. J. L. Baird, R. L. Smith-Rose. Nature, 
158 (1946), pp. 88-9. 

Obituary: John Logie Baird, R. L. Smith- 
Rose. Proceedings, Physical Society of Lon- 
don, 58 (1946), pp. 779-80. 

John A. Barrett, Pioneer in Telephone Re- 
search, R. B. Hill. Bell Laboratories Record, 
27 (1949), pp. 255-60. 

Louis Agricola Bauer in the Progress of Science 
as Exemplified in Terrestrial Magnetism, 

W. Littlehales. Terrestrial Magnetism 
and Atmospheric Electricity, 37 (1932), pp. 
209-11 


Louis Agricola Bauer and Terrestrial Mag- 
netism, A. Nippoldt. Terrestrial Magnetism 
and Atmospheric Electricity, 37 (1932), pp. 
205-8. 

Cooperative Work of the Department of Ter- 
restrial Magnetism under the Direction of 
Louis A. Bauer—An Acknowledgment, H. O. 
Sverdrup. Terrestrial Magnetism and Atmo- 
spheric Electricity, 37 (oe, pp. 211-2. 

Edward Bausch—A Biography, W. Melson. 
Journal of Applied Physics, 5 (1937), pp. 
337-40. 

Edward Bausch—A Biography, E. W. Melson. 
Journal of Applied Physics, 8 (1937), pp. 
337-40. 

Lamme Medalists for 1958, Careers of Sterling 
Beckwith, L. T. Rosenberg, M. A. Princi, 
Electrical Engineering, 78 (Aug., 1959), 
pp. 819-21. 

Obituary: Edmond' Becquerel, 1820-1891. 
Electrician, 27 (1891), pp. 73-4. i 
Obituary: Edmoad Becquerel. Proceedings, 
Royal Society of London, 51 (1892), pp. 

xxi-xxiv. 

The Late Henri Becquerel. Nature, 78 (1908), 
pp. 414-6. 

The Work of Henri Becquerel, A. Broca. 
Smithsonian Institution Annual Report, 
1908, pp. 769-85. 

Obituary: Antoine Henri Becquerel, 1852- 
1908. Proceedings, Royal Society of London, 
83A (1910), pp. xx-xxiii. 

Obituary: Bernard Arthur Behrend. Journal, 
Institution of Electrical Engineers (London), 
71 (1932), pp. 982-3. 

Recollections of Dr. Bell, T. A. Watson. 
Proceedings, Telephone Pioneers, second 
annual convention, 1912, pp. 11-18. 

How Bell Invented the Telephone, T. A. 
Watson. Electrical Engineering, 66 (1947), 
pp. 1232-6; see also, Proceedings, American 
Institute of Electrical Engineers, 34 (1915), 
pp. 1503-13. 

Obituary: Alexander Graham Bell. Journal 
Institution of Electrical Engineers (Lon- 
don), 60 (1921-22), pp. 949-50. 

Alexander Graham Bell, Prehistoric Telephone 
Days [Autobiographical Fragments]. Na- 


oooe | Geographic Magazine, 41 (1922), pp. 

Ideals of the Telephone Service. A Tribute 
to the Memory of Alexander Graham Bell, 
J. J. Carty. Smithsonian Institution Annual 
Report, 1922, pp. 33-40. 

Short Personal Reminiscences of Alexander 
Graham Bell, T. Watson. Journal, Insti- 
tution of Electrical Engineers (London), 
67 (1928-29), pp. 311-2. 

Alexander Graham Bell, 1847-1922, H. S. 
Osborne. National Academy of Sciences, 
Biographical Memoirs, 23 (1945), pp. 1-29. 

Alexander Graham Bell and the Invention 
of the Telephone, G. W. D. Howe. Nature, 
159 (1947), pp. 455-7. 

Graham Bell—Pioneer: An Era of Outstand- 
ing Developments in World Communication, 
Col. Sr. A. S. Angwin. Journal, Institution 
of Electrical Engineers (London), 95 (1947), 
pp. 269-74. 

Mr. Bell Invents the Telephone, A. Thompson, 
—_ Record, 25 (1947), pp. 
97-1 

Alexander Graham Bell—Scientist, F. J. Mann. 
_— Engineering, 66 (1947), ‘p pp. 215- 


3 

Alexander Graham Bell, F. J. Mann. Elec- 
trical Communication, 24 (1947), pp. 3-23. 

Harold S. Black, 1957 Lamme Medalist, H. I. 
ee Electrical Engineering, 77 (1958), 

obnnery: Thomas Holmes Blakesley, W. A. 
P. Proceedings, Physical Society of London, 
41 (1928-9), pp. 594-6. 

Obituary: Andre Blondel. Journal, Institu- 
tion of Electrical Engineers (London), 85 
(1939), pp. 771-2. 

Ludwig Boltzmann, H. Thirring. Journal of 
Chemical Education, 29 (1952), pp. 298-9. 

Jagadish Chandra Bose (Birth Centenary 
Series—II1), Science and Culture, 24 (1959), 
pp. 215-22. 

Acharya Jagadish Chandra Bose Birth Cen- 
tenary Memorial Lecture, §. Radhakrishnan. 
Science and Culture, 24 (1959), pp. 300-2. 

Jagadish Chandra Bose and Response in the 
Living and Non-Living, D. M. Bose. Science 
and Culture, 24 (1959), pp. 303-5. 

Recent Applications of the Research of 
Acharya Jagadish Chandra Bose, S. S. Baral. 
Science and Culture, 24 (1959), pp. 305-7. 

Jagadish Chandra Bose Centenary Celebra- 
tion, Science and Culture, 24 (1959), pp. 
307-10. 

Ferdinand Braun, Inventor of the i“ —~4 
Ray Tube, G. Lewis and F. J. 
a Communication, 28 tagis) 319. 


Remarks . . . on the Important Part Taken 
by Mr. Brett in Connection with the Intro- 
duction of the Electric Telegraph, and 
Especially the Submarine Telegraph, into 
this Country, L. Clark. Journal, Insti- 
tution of Electrical Engineers (London), 
20 (1891), pp. 510-5. 

A Forgotten Telegraph Pioneer: M. Jacob 
Brett. Electrician, 28 (1891-2), pp. 64-5. 

The Bretts. Electrician, 38 (1896-7), pp. 


6- 

Obituary Jacob ~— 1808-1897. Electrician, 
38 (1896-7), p. 368. 

Sir Charles Tilston Bright, M. P. Proceedings, 
Institution of Civil Engineers (London), 
93 (1888), pp. 479-87. 

Centenary of Sir Charles Tilston Bright. The 
Engineer Who Laid the First Atlantic Cable. 
Electrical Review, 110 (1932), p. " 

Charles Francis Brush. Electrician, 14 (1884- 
5), P . 








148 Thomas James Higgins 


Oliver Ellsworth Buckley, 1954 Edison Medal- 
ist, J. F. Fairman. Electrical Engineering, 
74 (1955), p. 209. 

The Edison Medalist [O. E. Buckley], O. B. 
Blackwell. Electrical Engineer, 74 (1955), 
pp. 209-211. 

Accomplishments of the Acheson Medalist 
Charies Frederick Burgess, G. W. Heise. 
Transactions, Electrochemical Society, 82 
(1942), pp. 5-11. 

Charles Frederick Burgess: Electrochemist— 
Engineer—Teacher—Industrialist, S$. D. Kirk- 
patrick. Transactions, Electrochemical So- 
ciety, 82 (1942), pp. 11-16. 

Obituary: Charles Frederick Burgess, G. W. 
Heise. Transactions, Electrochemical Society, 
87 (1945), pp. 62-4. 

[Vannevar Bush] the 1943 [Edison] Medalist, 
F. B. Jewett. Electrical Engineering, 63 
(1944), pp. 81-2. 

1946 Hoover Medal Presentation. The Hoover 
Medalist [Vannevar Bush], E. L. Moreland. 
Electrical Engineering, 66 (1947), pp. 258-9. 

Professor H. L. Callendar. World Power, 13 
(1930), pp. 166-8. 

Obituary: H. L. Callendar, S. W. J. Pro- 
ceedings, Physical Society of London, 43 
(1931), pp. 620-4. 

Dr. George A. Campbell, F. B. Jewett. Bell 
ae Technical Journal, 14 (1935), pp. 

George Ashley Campbell—Edison Medalist: 
Qualification of the Medalist, F. B. Jewett. 
Electrical Engineering, 60 (1941), pp. 106-8. 

George A. Campbell, 1870-1954. Bell Lab 
Record, 32 (1954), pp. 476-77. 

Frederick William Carter, K. R. Hopkirk. 
Biographical Memoirs, Royal Society of Lon- 
don, 8 (1952-3), pp. 373-88. 

The Dean of Telephone Engineers [John J. 
Carty], B. Gherardi. Bell Telephone 
Quarterly, 7 (1928), pp. 82-8. 

{J. J. Carty] The Dean of Telephone Engi- 
neers, B. Gherardi. Bell Lab Record, 9 
(1930-1), pp. 4-8. 

Carty—The Engineer and the Man, F. B. 
Jewett. Bell Lab Record, 9 (1930-1), pp. 

13 


A Biographical Note, J. J. Susie Bell Lab 
Record, 9 (1930-1), pp. 14-19. 

John Joseph Carty. Scientific Monthly, 36 
(1933), pp. 286-88. 

John J. Carty: Telephone Engineer, F. B. 
Jewett. Bell System Quarterly, 16 (1937), 
pp. 160-77. 

John Joseph Carty, 1861-1932, F. B. Jewett. 
Biographical Memoirs, National Academy of 
Sciences, 18 (1938), pp. 69-91. 

Henry Cavendish, C. K. Edmunds. Popular 
Science Monthly, 59 (1901), pp. 431-40. 
Sir Charles Cavendish and His Learned 
Friends, J. Jacquot. Annals of Science, 8 

(1952), pp. 175-91. 

The Sagacious Mr. Cavendish, P. Hammond. 
Journal, Institution of Electrical Engineers, 
5 (1959), pp. 582-84. 

Claude Chappe, R. Appleyard. Electrical 
Communication, 8 (1929-30), pp. 63-80. 
Obituary: A. P. Chattock, A. N. Tyndall. 
Proceedings, Physical Society of London, 

46 (1934), pp. 900-01. 

Charles Chree, S. Chapman. Terrestrial Mag- 
netism and Atmospheric Electricity, 33 
(1928), pp. 185-87. 

Obituary: Charles Chree 1860-1928, A. R. 
Proceedings, Physical Society of London, 41 
(1928-9), pp. 597-99. 

Obituary: Charles Chree, 1860-1928, Pro- 
ceedings, Royal Society of London, 122A 

(1929), pp. vii-xiv. 





Charles Chree and His Work on Geomag- 
netism, S. Chapman. Nature, 148 (1941), 
pp. 153-57. 

Obituary: Samuel Hunter Christie. Proceed- 
ings, Royal Society of London, 15 (1867-8), 
Ppp. xi-xiv. 

L. W. Chubb—1947 John Fritz Medalist. 
Electrical Engineering, 66 (1947), pp. 261- 
64. 

Josiah Latimer Clarke (Celebrities of the Day). 
British and Foreign Review (London), 2 
(1881), pp. 180-90. 

Obituary: Josiah Latimer Clark. Journal, 
Institution of Electrical Engineers (London), 
28 (1899), pp. 667-72. 

William Fothergill Cooke, Monthly Proceed- 
ings, Institution of Civil Engineers (Lon- 
don), 58 (1878-9), pp. 359-64. 

Sir William Fothergill Cooke, L. Clarke. 
Journal, Society of Telegraph Engineers 
(London), 8 (1879), pp. 361-97. 

W. D. Coolidge, 1938 Faraday Medalist. Elec- 
trical Engineering, 58 (1939), pp. 258-60. 

Modern Developments from Faraday’s Work, 
W. D. Coolidge. Electrical Engineering, 58 
(1939), pp. 260-62. 

Charles Auguste de Coulomb: A Bicentenary 
Appreciation of a Pioneer in the Science of 
Construction, S. B. Hamilton. Transactions, 
Newcomen Society (London), 17 (1936-7), 
pp. 27-44; discussion, pp. 45-49 

Life and Work of Charles Augustin Coulomb, 
S. C. Hollister. Mechanical Engineering, 58 
(1936), pp. 615-20. 

Obituary: William Cramp. Journal, Institu- 
tion of Electrical Engineers (London), 85 
(1939), pp. 774-75 

Sir James Crichton-Browne, J. Dewar. Annual 
Report, Smithsonian Institution, 1923, pp. 
547-53; Science Progress (London), 18 
(1923-4), pp. 126-33. 

Rookes Evelyn Bell Crompton. Electrician 
(London), 14 (1884-5), p. 26. 

Crompton—The Engineer: [A Long and Dis- 
tinguished Career]. Electrical Review (Lon- 
don), 126, p. 210. 

Obituary: Rookes Evelyn Bell Crompton. 
Journal, Institution of Electrical Engineers 
(London), 87 (1940), pp. 701-2. 

Obituary: Rookes Evelyn Bell Crompton, R. 
Appleyard. Proceedings, Physical Society 
of London, 52 (1940), pp. 829-30. 

Rookes Evelyn Bell Crompton, 1845-1940, A. 
Russell. Obituary Notices of the Fellows of 
the Royal Society (London), 3 (1939-41), 
pp. 395-402. 

Scientific Worthies XXXVI: Sir William 
Crookes, P. Zeeman. Nature (London), 77 
(1907-8), pp. 1-3. 

Obituary: Sir William Crookes. Journal, In- 
stitution of Electrical Engineers (London), 
57 (1918-19), pp. 613-14. 

Obituary: Sir Wm. Crookes, 1832-1919. Pro- 
ceedings, Royal Society of London, 96A 
(1919-20), pp. _i-ix. 

Portrait: Sir William Crookes. Proceedings, 
Physical Society of London, 48 (1936), pp. 
238, 0. 

Obituary: Mme. Curie, J. Rutherford. Nature 
(London), 134 (1934), pp. 90-91. 

Madame Marie Sklodowska Curie, E. P. S. 
Scientific Monthly, 34 (1934), PP. ~~ 6. 
Marie Curie—Her Life Work, F. C. ood. 
Scientific Monthly, 46 (1938), pp. i781 a 
Pierre Curie, (Birth Centenary Series V). 
Science and Culture, 24 (199), pp. 414-16. 
Obituary: John Frederic Daniell. Proceedings, 
Royal Society of London, 5 (1843-50), pp. 


577-80. 
John Frederics Daniell, T. O. Sistrunk. Journal 








Hi 
M: 





A Biographical Bibliography of Electrical Engineers (PartIl) 149 


4 Chemical Education, 29 (1952), pp. 26- 


™ “Inventions of Thomas Davenport, F. L. 
Pope. Transactions, American Institute of 
Electrical Engineers, 8 (1891), pp. 93-97. 

Short Memoir of Edward Davy, H. Davy. 
Electrician (London), 11 (1883), pp. 254-56. 

Honour to Whom Honour is Due! Edward 
Davy and the Electric Telegraph, 1836 to 
1839, J. J. Fahie. Electrician (London), 
11 (1883), pp. 181-86, 206-12, 224-27. 

Edward Davy [Sketch of the Career of Edward 
Davy, with Note on His Telegraph Inven- 
tions]. Electrician (London), 12 (1884), 
pp. 196-97 

Sir Humphry Davy and His Audience at the 
Royal Institution, G. A. Foote. Isis, 43 
(1952), pp. 6-11. 

Humphry Davy, L. P. Williams. Scientific 
American, 202, (June, 1960), pp. 106-16. 

Magnificent Failure, [Lee de Forest], S$. Lub- 
bell. Saturday Evening Post, 214 (1942), 
Jan. 17, pp. 9-11, 75-76, 78-80; Jan. 24, 
pp. 20-21, 35-36, 38, 43; Jan. 31, pp. 27, 
38, 40-42, 46, -49. 

1946 Edison Medal Presentation {To Lee de 
Forest], Electrical Engineering, 66 (1947), 
pp. 254-57. 

Obituary: Sir James Dewar. Journal, Insti- 
tution of Electrical Engineers (iondon), 
61 (1922-23), p. 1152. 

Obituary: Sir James Dewar. Proceedings, 
Royal Society of London, 111A (1926), pp. 
xiii-xxiii. Abridged in Nature (London), 
111 (1923), pp. 472-74. 

Father Procopius Divis—The European Frank- 
lin, K. Hujer. Isis, 43 (1952), 351-7. 

Did Divis Erect the First European Protec- 
tion Lightning Rod, and was His Invention 
Independent? I. B. Cohen and R. Schofield. 
Isis, 43 (192), pp. 358-64. 

Father Procopius [Divis] and His Lightning 
Conductor, K. Hujer. American Journal of 
Physics, 22 (1954), pp. 108-9. 

Doppler and the Doppler Effect, E. N. da C. 
Andrade, Endeavour (London), 18 (Janu- 
ary 1959), pages 14-19. 

Obituary: Wm. du Bois Duddell, 1872-1917. 
Proceedings, Royal Society of London, 94A 
(1917-8), pp. xxxiv-xxxv. 

Obituary: William du Bois Duddell. Journal, 
Institution of Electrical Engineers (London), 
56 (1917-18), pp. 538-40. 

Who was Earnshaw?, W. T. Scott. American 
Journal of Physics, 27 (1959), pp. 418-19. 

Sketch of Thomas Alva Edison, G. M. Shaw. 
Popular Science Monthly, 13 (1878), pp. 
487-91. 

The Work of Thomas Alva Edison in the Field 
of Illumination with Relation to the Con- 
temporary State of the Art, J. W. Lieb. 
General Electric Review, 19 (1916), pp. 
332-41. 

Edison at Seventy-Three (booklet), T. C. 
Martin. Scientific and Industrial Informa- 
tion Bureau (New York, 1920), 10 pp. 

Early Days with Edison, A. Williams. Elec- 
trical World, 80 (1922), pp. 40-41. 

Thomas A. Edison, The Inventor and Scien- 
tist, J. R. Hewett. General Electric Review, 
27 (1924), pp. 238-44. 

Edison Glimpsed at Radio in 1875, O. E. Dun- 
lap. Scientific American, 135 (1926), pp. 
424-25. 

1879 and Now: Light’s Golden Jubilee and 
Our Tribute to Tiiomas Alva Edison. S. E. 
Doane. Bulletin, National Electric Light 
Association, 16 (1929), pp. 651-52. 

The Inspiration of a Name, [EDISON], C. L. 
Edgar. Fifty-second Convention, National 


Electric Light Association, 86 (1929), pr 
58-60. 

In Memoriam, Thomas Alva Edison, 1847- 
1931. Bulletin, National Electric Light 
Association, part two (November 1931), 
pp. 1-32. 

Edison’s Laboratory in War Time, K. T. 
Compton. Science, 75 (1932), pp. 70-71. 
Thomas Alva Edison, An Appreciation Based 
on Personal Association and _ Friendship, 
C. L. Edgar. Builetin, National Electric 
Light Association, 19 (1932), pp. 79-83. 
An Appreciation of Mr. Edison Based on 
Personal Acquaintance, C. L. Edgar. Science, 

75 (1932), pp. 59-65. 

Edison’s Contributions to Science and In- 
dustry, F. B. Jewett. Science, 75 (1932), 
pp. 65-68. 

Edison as a Scientist, R. A. Millikan. Science, 
75 (1932), pp. 68-70. 

Edison and the Phonograph, A. E. Moore. 
Journal, Patent Office Society, Journal, 14 
(1932), pp. 39-44. 

Obituary: Thomas Alva Edison. Journal, 
Institution of Electrical Engineers (London), 
71 (1932), pp. 984-85. 

Biographical Memoir of Thomas Alva Edison, 
1847-1931, A. E. Kennelly. Biographical 
Memoirs, National Academy of Sciences, 15 
(1934), pp. 287-304. 

Edison’s Invention of the Kineto-Phonograph 
(reprint), A. Dickson, W. K. L. Dickson. 
Privately printed, Pueblo Press (Los An- 
geles, 1939), 18 pp. Century Illustrated 
Magazine, 48 (1894), pp. 207-14. 

Thomas A. Edison: Sketch of Activities, 1874- 
8l, ys R. Speiden. Science, 105 (1947), 
137-41 

Thomas A. Edison and the Founding of Sci- 
ence: 1880, Science, 105 (1947), pp. 142-48. 

Thomas A. Edison and the Naval Research 
Laboratory, H. Taylor. Science, 105 (1947), 
148-50. 

Thomas A. Edison, Inventor, Electrical Engi- 
neering, 66 (1947), pp. 113-17. 

Edison and the AIEE, J. E. Housley. Elec- 
trical Engineering, 66 (1947), p. 118. 

Thomas Alva Edison, C. F. Kettering. Scien- 
tific Monthly, 64 (1947), pp. 109-116. 

Thomas A. Edison—A Tribute. Illuminating 
Engineering, 42 (1947), pp. 141-42. 

Some Observations Relating to Edison, O. E. 
Buckley. Electrical Engineering, 74 (1955), 
pp. 211-12. 

Obituary: Edser, Edwin, S. G. Starling. Pro- 
ceedings, Physical Society of London, 45 
(1933), pp. 841-43. 

William Leroy Emmet, 1859-1941, W. R. 
Whitney. Biographical Memoirs, National 
Academy of Sciences, 22 (1943), pp. 233-50. 

Lars Magnus Ericsson—A Brief Sketch. Erics- 
son Review (Stockholm, 1946), pp. 105-20. 

Professor Max. Eschenhagen: His Life and 
Work, W. G. Cady. Terrestrial Magnetism 
and Atmospheric Electricity, 7 (1902), pp. 


77-80. 

Sir Alfred ny ea Scientific Monthly, 
35 (1932), 564. 

Obituary: Sir “Alfred Ewing, T. H. Beare. 
Nature (London), 135 (1935), pp. 137-39. 

Sir Alfred Ewing and His Cambridge Chair, 
R. T. Glazebrook. Nature (London), 135 
(1935), pp. 139-40. 

James Alfred Ewing, 1855-1935, R. T. Glaze- 
brook. Obituary Notices of the Fellows of 
the Royal Society (London), 1 (1932-35), 
pp. 475-92. 

Obituary: Alfred Ewing. Journal, Institution 
of Electrical Engineers (London), 77 (1935), 
pp. 889-90. 








150 Thomas James Higgins 


Obituary: John Joseph Fahie. Journal, In- 
stitution of Electrical Engineers (London), 
75 (1934), p. 835. 

James F. Fairman, 1959 Edison Medalist: 
Career of the Medalist, H. C. Forbes, Elec- 
trical Engineering, 79 (April 1960), pp. 
278-82. 

On Faraday as a Discoverer, J. Tyndall. Pro- 
ceedings, Royal Society of Great Britain 
(London), 5 (1866-69), pp. 199-272 

Michael Faraday—His Life and Works, A. 
DeLaRive (One of Faraday’s most intimate 
friends). Annual Report of the Smith- 
sonian Institution, 1867, pp. 227-45. 

Michael Faraday: His Life and Works, A. A. 
DeLaRive. Philosophical Magazine (Lon- 
—), series 4, volume 34 (1867), pp. 409- 


Faraday, A Discoverer, J. S. Russell. Mac- 
Millan’s Magazine (London), 18 (1868), 
pp. 184-91. 

Obituary: Michael Faraday. Proceedings, 
Royal Society of London (London), 17 
(1868-69), pp. i-lxviii. 

Scientific Worthies: Faraday, Born September 
22, 1791, Died August 25, 1867. Nature 
(London), 8 (1873), pp. 397-99. 

The Faraday Centenary. Nature (London), 
44 (1891), pp. 178-80. 

The Faraday Centenary. Electrician (London), 
27 (1891), pp. 194-96. 

Michael Faraday and the Foundations of Elec- 
trical Engineering, J. A. Fleming. Journal, 
Institution of Electrical Engineers (London), 
60 (1922), pp. 379-88. 

Faraday and His Contemporaries, E. Cohen. 
Nature (London), 115 (1925), pp. 1014-16. 

Faraday as a Chemist, W. J. Pope. Chemistry 
and Industry Review (London), 3 (1925), 
pp. 630-34, 653-55. 

Faraday as a Chemist, W. J. Pope. Supple- 
ment to Nature (London), 115 (1925), pp. 
1002-09. 

Faraday as a Chemist, W. J. Pope. Proceed- 
ings, Royal Institution of Great Britain 
(London), 24 (1923-25), pp. 648-63. 

The Centenary of the Discovery of Benzene, 
W. J. Pope, H. E. Armstrong, E. Cohen. 
Supplement to Nature (London), 115 (1925), 
pp. 1001-16. 

The Faraday Benzene Centenary, H. E. Arm- 
strong. Supplement to Nature (London), 
115 (1926), pp. 1010-13 

Faraday’s Discovery of Benzene, L. C. Newell. 
Chemical Education Journal, 3 (1926), pp. 
1248-53. 

A Famous Lodestone, Faraday’s. 
Communication, 7 (1928-29), p 

Faraday’s Diary, T. Martin. Nature (London), 
126 (1930), pp. 812-14. 

The Contributions of Count Rumford and 
Michael Faraday to the Modern Museum of 
oo W. Bragg. Science, 72 (1930), pp. 

Address [on Faraday] at Queen’s Hall, 21 
September, 1931, W. H. Bragg. Journal, 
Institution of Electrical Engineers (London), 
69 (1930-31), pp. 1363-67. 

The Production and Utilization of Power, 
and Faraday’s Influence Theorem, J. S. 
Highfield. Journal, Institution of Electrical 
Engineers (London), 69 (1930-31), pp. 
1368-70. 

Michael Faraday: 1791-1867 . . . A Selected 
List of Books and Periodical Literature 
compiled by the Applied Science Depart- 
ment of Pratt Institute Free Library Appro- 

priate to the Centenary of Faraday’s Dis- 

covery of Electro-Magnetic Induction, Sep- 


Electrical 
68. 





tember 24, 1831 (pamphlet). Pratt Insti- 
tute, Brooklyn, N.Y., 1931, 13 pages. 

A Series of Short Papers on Faraday, His Life 
and the Effect of His Discoveries. Nature 
(London), 128 (1931), pp. 333-72. 

—s Engineering (London), 132 (1931), 


-48. 

Faraday Celebrations—Tributes from Distin- 
guished Scientists and Engineers—Opening 
of the Albert Hall Exhibition. Electrician 
(London), 107 (1931), pp. 396-98. 

Albert Hall Exhibits—Historic Faraday Instru- 
ments. Electrician (London), 107 (1931), 
pp. 399-403. 

Science Pays Tribute to Michael Faraday. 
Power, 74 (1931), pp. 415-17. 

The Faraday Centenary Celebrations. Engi- 
neering (London), 132 (1931), pp. 415-17. 

Faraday’s Experimental Researches from 1845. 
World Power (London), 15 (1931), pp. 
448-51. 

Michael Faraday. Electrical Times (London), 
80 (1931), pp. 463-6 

Faraday’s Place in Modern Wireless. Electrical 
Times (London), 80 (1931), p. 470. 

Faraday Centenary Exhibition. Nature (Lon- 
don), 128 (1931), pp. 564-67. 

Faraday and Marine on esl: Nature (Lon- 
don), 128 (1931), p. 1031. 

Michael Faraday and Electro-Chemistry, H. H. 
Hartley. Proceedings, Royal Institution of 
Great Britain (London), 27 (1931-33), pp. 
332-56. 

Faraday’s First Successful Experiment on 
Diamagnetism, W. H. Bragg, Nature (Lon- 
don), 127 (1931), p. 337. 

Faraday’s Diary, W. H. Bragg. Reviews of 
Modern Physics, 3 (1931), pp. 449-63. 
Michael Faraday, W. H. Bragg. Scientific 

Monthly, 33 (1931), pp. 481-99. 

Faraday as a Botanist, R. W. Butcher. Nature 
(London), 128 (1931), pp. 820-21. 

Michael Faraday and the Theory of Electro- 
lytic Conduction, H. Hartley. Chemistry 
- Industry (London), 9 (1931), pp. 807- 
1 


Faraday’s Views on Passivity in the Light of 
Recent Researches, E. §. Hedges. Chemistry 
and Industry (London), 9 (1931), pp. 750- 
51. 

Faraday’s Researches in Electro-Chemistry, A. 
Marshall. Chemistry and Industry (London), 
9 (1931), pp. 749-50. 

— and Modern Electrical Developments, 

T. H. Minshall. Engineer (London), 152 
(1931), pp. 237-38. 

Faraday-Genius of the Dynamo, T. Mitchell. 
Power Plant Engineering, 35 (1931), pp. 
756-58. 

Faraday’s Contributions to Chemistry, L. C. 
Newell. Chemical Education Journal, 8 
(1931). pp. 1493- a 

Michael Faraday, F. G. Swann. Science, 
73 (1931), pp. 333- 39, 462-68. 

The Faraday Centenary, E. Thomson, General 
Electric Review, 34 (1931), pp. 504-06. 
The Work of Faraday and Modern Develop- 
ments in Applications of Electrical Energy, 

. T. Mitkewich, Archeion (Paris), 14 
(1932), pp. 526-30. 

Metallurgical Researches of Michael Faraday. 
Nature (London), 129 (1932), pp. 45-7. 

The Faraday Celebrations, 1931, T. L. David. 
Chemical Education Journal, 9 (1932), pp. 
1203-18. 

A Faraday Relic, W. E. Pretty. Journal of 
Scientific Instruments (London), 9 (1932), 
pp. 388-89. 

Faraday’s London Friends, 


H. Wayling. 
Nature (London), 128 (1932), 


_ 482-83. 














A Biographical Bibliography of Electrical Engineers (Partll) 151 


Faraday and His Electro-Chemical Researchers, 
R. S. Hutton. Transactions, Electrochemical 
Society, 64 (1933), pp. 13-30. 

Michael Faraday. A Brief Account of His 
Electrical Researches, G. Windred. Archeion 
(Paris), 17 (1935), pp. 48-63. 

Notes on Some Unpublished Letters from 
Faraday to Quetelet, J. Pelseneer. Annals 
of Science (London), 1 (1936), pp. 447-52. 

Faraday on Electro-Magnetic Propagation, J. 
a Nature (London), 141 (1938), pp. 
36- 

Michael Faraday, 1791-1867, Scientific Monthly, 
$ (1941), pp. 183-85 

On Faraday’s so in Electrolysis, A. 
W. Richeson. Isis (Brussels), 36 (1946), 
pp. 160-62. 

Faraday, Hofmann and Wurtz, F. E. Wall. 
Journ of Chemical Education, 28 (1951), 

355-58. 

- ig ‘| Knew Michael Faraday,” J. R. Irving. 

Journal of Chemical Education, 28 (1951), 
pp. 323-25. 

Michael Faraday, H. Kondo. Scientific Ameri- 
can, 90 (Oct. 1953), pp. 90-4, 96, 

Experiments with Truth by Faraday, Darwin 
and Gandhi, G. Sarton. Osiris, 11 (1954), 
pp. 87-107. 

Michael Faraday, E. N. Parker. 
16 (1955), pp. 199-201, 163-164 

Michael Faraday’s Researches in Spiritualism. 
Scientific Monthly, 83 (1956), pp. 144-50. 

The Work of G. T. Fechner on the Galvanic 
Circuit, H. J. J. Winter. Annals of Science 
(London), 6 (1948-50), pp. 197-205. 

Obituary: Sebastian Ziane de Ferranti. Journal, 
Institution of Electrical Engineers (London), 
68 (1929-30), pp. 1532-33. 

Dr. Sebastian Z. de Ferranti, A. Russell. 
Nature (London), 125 (1930), pp. 172-73. 

Obituary: Sebastian Ziani de Ferranti, 1864- 
1930. Proceedings, Roval Society of London 
(London), 127A (1930), pp. xix-xxi. 

Dr. S. Z. de Ferranti. World Power (London), 
13 (1930), pp. 127-30. 

Ferranti and His Work, L. B. Atkinson. Elec- 
trical Review (London), 106 (1930), pp. 
147-50. 

The Life and Work of Ferranti. World Power 
(London), 15 (1931), pp. 120, 123. 

A Great Genius. Mr. Frank Bailey’s Eloquent 
Address on the Life and Work of Dr. de 
Ferranti, F. Bailey. Electrician (London), 
106 (1931), pp. 134-35. 

The Life and Work of Ferranti, H. C. Lamb. 
World Power (London), 15 (1931), pp. 
122-23. 

Epoch Making Radio Inventions of Fessenden, 
S. N. Kintner. Electrical Journal, 18 (1921), 
pp. 111-12. 

Obituary: Cyrus W. Field, 1781-1892. Elec- 
trician (London), 29 (1892), pp. 279, 690, 
692 


Discovery, 


Obituary: George Francis Fitzgerald. Journal, 
Institution of Electrical Engineers (London), 
80 (1900-01), pp. 1244-46. 

Obituary: George Francis Fitzgerald. Nature 
(London), 63 (1900-01), pp. 445-47. 

Portrait: George Francis a Physical 
Review, 12 (1901), p 

George Francis aad Aa 9 ; ,— Physical 
Review, (1901), pp. 292-313 

Obituary: George Francis Fitzgerald, 1851- 
1901. Proceedings, Royal Society of Lon- 
don (London), 75 (1905), pp. 152-60. 

Fitzgerald as Revealed by His Letters to Heavi- 
side, F. F. Hackett. Science Proceedings, 
Royal Dublin Society, 26 (1952), pp. 3-7. 

G. F. Fitzgerald, E. T. Whittaker. Scientific 
American, 189 (November 1953), pp. 93, 
94, 96, 98. 


Colin Garfield Fink, J. W. Marden and H. E. 
Grimm. 1st) oe Electrochemical So- 
ciety, 92 (1947), 3-9 

Presentation of the Bader Medal to Sir John 
Ambrose Fleming. Proceedings, Physical 
ar of London (London), 43 (1931), pp. 

Sir Ambrose Fleming and the Physical Society 
of London, A. Ferguson. Nature (London), 
129 (1932), pp. 323-24. 

Portrait: Sir Ambrose Fleming. Proceedings, 
Physical Society of London (London), 51 
(1939), p. 383. 

Valve Pioneer: The Late Sir Ambrose Fleming. 
Wireless World (London), 51 (1945), p. 


179. 

John Ambrose Fleming, 1849-1945, W. H. 
Eccles. Obituary Notices of the Fellows of 
= at Society (London), 5 (1945), pp. 

Obituary: Sir Ambrose Fleming, W. H. Eccles. 
Nature (London), 155 (1945), pp. 662-63. 

John Ambrose Fleming, A. Ferguson. Pro- 
ceedings, Physical Society of London, (Lon- 
don), 57 (1945), pp. 581-84. 

Ambrose Fleming: His Early Electrical Work 
and the Discovery of Magnetic Focusing, 
J. T. MacGregor-Morris. Electronic Engi- 
neering (London), 17 (1945), pp. 536-37. 

Ambrose Fleming—His Life and Early Re- 
searches, J. T. MacGregor-Morris. Journal 
Telephone Society (London), 4 (1946), pp. 
266-73. 

Birth Centenary of Ambrose Fleming, J. T. 
MacGregor-Morris. Electronic Engineering 
(London), 21 (1949), pp. 442-47; 22 (1950), 
pp. 22-26. 

Sir Ambrose Fleming (Jubilee of the Valve), 
J. T. MacGregor-Morris. Notes and Records, 
Royal Society of London (London), 2 
(1955), pp. 134-44. 

Obituary: Dr. George Forbes, G. L. Adden- 
brooke. Proceedings, Physical Society of 
London (London), 49 (1937), pp. 698-700. 

Charles Le Geyt Fortescue and His Contri- 
butions to the Electrical Industry, C. A. 
Powel. Electrical Engineering, 56 (1937), 
pp. 781-83. 

Obituary: George Carey Foster. Journal, 
Chemical Society (London), Transactions 
section, 115 (1919), pp. 412-27. 

Obituary: George Carey Foster. Journal, In 
stitution of Electrical Engineers (London), 
57 (1918-19), pp. 614-16. 

Obituary Notice of George Carey Foster, O. 
Lodge. Philosophical Magazine (London), 
[6] 37 (1919), p. 317. 

Obituary: George Carey Foster, 1835-1919. 
Proceedings, Royal Society of London (Lon- 
don), 96A (1919-20), pp. xv-xviii. 

Life and Work of Benjamin Franklin. Ter- 
restrial Magnetism and Atmospheric Elec- 
tricity, 8 (1903), pp. 65-72. 

The Modern Theories of Electricity and Their 
Relation to the Franklinian Theory, E. 
Rutherford. In the Franklin Bicentennial 
Record, American Philosophical Society, 
(Philadelphia), 1906. 

Franklin as a Man of Science and an Inventor, 
E. J. Houston. Journal, Franklin Institute, 
161 (1906), pp. 241-316, 321-83. 

Did Benjamin Franklin Fly His Electrical 
Kite Before He Invented the Lightning Rod?, 
A. L. Rotch. Proceedings, American Anti- 
quarian Society, [n.s.] 18 (1907), pp. 118- 
23 


The Date of Franklin’s Kite Experiment, A. 
McAdie. Proceedings, American Antiquarian 
Society, 34 (1924), pp. 188-205. 

Franklin’s Kite Experiment and the Energy 








152 Thomas James Higgins 


of Lightning, A. McAdie. Monthly Weather 
Review, 56 (1928), pp. 216-19. 

Benjamin Franklin's — 0 ay Relating to 
Geologic Phenomena, - L. Garrison. 
— Franklin Institute, 223 (1937), pp. 
635- 

The Benjamin Franklin Memorial, Philadel- 
oF Nature (London), 142 (1938), pp. 
9-10. 

Benjamin Franklin’s Views on the Phosphor- 
escence of the Sea, N. Harvey. Pro- 
ceedings, American Philosophical Society, 
83 (1940), pp. 341-48 

Benjamin  Franklin—“‘ Philosophical Revolu- 
tionist,”” B. Knollenberg. Journal, Franklin 
Institute, 233 (1942), pp. 517-23. 

Self-Portraiture: The Autobiography ([Ben- 
jamin Franklin), M. Farrand. Journal, 
Franklin Institute, 233 (1942), pp. 1-16. 

Benjamin Franklin, Philosophical Engineer 
. . . A Newcomen Address, 1943 (booklet), 
H. B. Allen. Newcomen Society, American 
Branch, Princeton University Press, Prince- 
ton, N.J., 1943, 28 pages. 

Benjamin Franklin and the Mysterious “ Dr. 
Spence’: The Date and Source of Frank- 
lin’s Interest in Electricity, I. B. Cohen. 
— Franklin Institute, 235 (1943), pp. 
1-25. 

Early Electrical Discoveries by Benjamin 
Franklin and His Contemporaries, M. Mac- 
Laren. Journal, Franklin Institute, 240 
(1945), pp. 1-14. 

How Practical was Benjamin Franklin’s Sci- 
ence? I. B. Cohen. The Pennsylvania Maga- 
zine of History and Biography, 69 (1945), 
pp. 284-93. 

Franklin’s Role in Electrical Science, M. Mac- 
Laren. Electrical Engineering, 65 (1946), 
pp. 57-64. 

Scientific Manuscripts of Benjamin Franklin, 

. H. Mugridge. Quarterly Journal of 
Current Acquisitions, Library of Congress, 
4 (1947), pp. 12-21. 

Benjamin Franklin, the American Philosophi- 
cal Society, and the Russian Academy of 
Science, E. Dvoichenko-Markoff. Proceed- 
ings, American Philosophical Society, 91 
(1947), pp. 250-57. 

Franklin’s Discovery of the Electron, R. A. 
Millikan. American Journal of Physics, 16 
(1948), p. 319. 

In Defense of Benjamin Franklin, I. B. Cohen. 
Scientific American, 179 (August 1948), 
pp. 36-43. 

Benjamin Franklin and the Transit of Mer- 
cury in 1753, I. B. Cohen. Proceedings, 
a Pe Society, 94 (1950), 

Young John Adams on Franklin’s Iron Points, 
Z. Haraszti. Isis, 41 (1950), 11-14. 

Benjamin Franklin and Jonathan Edwards on 
Lightning and Earthquakes, A. O. Aldridge. 
Isis, 41 (1950), pp. 162-64. 

Benjamin Franklin: An Experimental New- 
tonian Scientist, I. B. Cohen. Bulletin, The 
American Academy of Arts and Sciences, 
5 (1952), pp. 2-6. 

Benjamin Franklin’s Scientific Career, I. B. 
Cohen. Autograph Collectors Journal, 5 
(1952), pp. 2-10. 

The Two Hundredth Anniversary of Ben- 
jamin Franklin’s Two Lightning Experi- 
ments and Introduction of the Lightning 
od, I. B. Cohen. Proceedings, American 


Philosophical Society, 96 (i952), pp. 331-66. 
Lightning Protection—Two Hundredth Anni- 
versary of the “‘ Philadelphia Experiment.” 
Journal, Franklin Institute, 253 (1952), pp. 


375-504 









Benjamin Franklin and the Universal Nature 


of Electricity, B. Dibner. Electrical Engi- 
neering, 73 (1954), pp. 498-503. 

Franklin, Boerhaave, Newton, Boyle and the 
Absorption of Heat in Relation to Color, 
I. B. Cohen. Isis, 46 (1955), pp. 99-104, 

Franklin’s Introduction to Electricity, N. H. 
de V. Heathcote. Isis, 46 (1955), pp. 29-35. 

The Franklin-Volta Correspondence: Legend 
or Fact, A. Pace. Proceedings, American 
Philosophical Society, 99 (1955), pp. 436- 
39 


More on Franklin’s Introduction to Elec- 
tricity, L. Espenschied. Isis, 46 (1955), 
pp. 280-81. 

Benjamin Franklin (1706-1790) and Antoine 
Laurent Lavoisier (1743-1794), Part I. 
Franklin and the New Chemistry; Part II. 
Joint Investigations; Part III, Documenta- 
tion, D. I. Duveen and H. S. Klichstein; 
Annals of Science (London), 11 (1955), 
pp. 103-28; 271-308; 13 (1957), pp. > 

Franklin and the Scientific Societies, W. E. 
Lingielbach. Journal, Franklin Seaman 
261 (1956), pp. 9-31. 

How Franklin’s Electrical <r Came to 
the Franklin Institute, J. S. Hepburn. 
Journal, Franklin Institute, 261 (1956), pp. 
387-96. 

Some Problems in Relation to the Dates of 
Benjamin Franklin's First Letters on Elec- 
tricity. With Remarks by Francis S. Phil- 
brick, I. B. Cohen. Proceedings, American 
Society, 100 (1956), pp. 537- 
4 


The Scientific Work of Benjamin Franklin, 
. N. da C. Andrade. Nature (London), 
177 (1956), pp. 60-61. 

Benjamin Franklin and Three Concepts of 
Electricity, J. Bradley. School Science Re- 
view, 38 (1956), pp. 15-18. 

Benjamin Franklin’s Priceless Gift to Elec- 
trical Engineers, C. L. Jordan. Electrical 
Engineering, 75 (1956), pp. 30-31 

Franklin’s Priceless Gift [Comment on Jor- 
dan’s Article], L. Espenschied. Electrical 
Engineering, 75 (1956), p. 314. 

Benjamin Franklin. Endeavour, 15 (1956), 
pp. 3-4. 

Franklin and the Twentieth Century, B. 
Cohen. Journal, Franklin Institute, 26 
(1956), pp. 289-97. 

Benjamin Franklin: Natural Philosopher, 
B. F. J. Schonland. Proceedings, Royal 
Society of London (London), 235A (1956), 
pp. 433-44. 

Benjamin Franklin and After, R. H. Golde. 
Co-operative Electrical Research, 2, (1957), 
pp. 9-12. 

A Hoax on Doctor Franklin, W. B. Clark. 
Proceedings, American Philosophical Society, 
101 (1957), pp. 559-64. 

Dr. Fothergill’s Friendship with Benjamin 
Franklin, B. C. Corner. Proceedings, Ameri- 
= ees Society, 102 (1958), pp. 

-19. 

Augustin Fresnel: His Time, Life and Work, 
1788-1827. G. A. Boutry. Science Progress, 
36 (1948), pp. 587-604. 

Obituary: Velere Alfred Fynn. Journal, Insti- 
tution of Electrical Engineers (London), 67 
(1928-29), p. 1329. 

Galvani and the Pre-Galvanian Electrophysi- 
ologists, H. E. Hoff. Annals of Science 
(London), 1 (1936), pp. 157-72. 

A Bibliographical Study of the Galvani and 
the Aldiru Writings on Animal Electricity, 
J. F. Fulton, H. Cushing. — Ng Science 
(London), 1 (1936), pp. 239- 

Bicentenary of the Birth of ell Cele- 

















ture 
ngi- 


the 
olor, 


136- 


lec- 
5), 


pine 


nta- 
ein; 


er, 
al 


)» 


)» 


y, 


in 


k, 
s, 


7 


x 


_ 





A Biographical Bibliography of Electrical Engineers (Partll) 153 


bration at Bologna. Nature (London), 140 
(1937), pp. 836-38. 

Galvani-Volta; A Controversy that Led to the 
Discovery of Useful Electricity, B. Dibner. 
Burndy Library, Norwalk, Conn., 1952, 51 
pages. 

William Garnett. Electrician (London), 14 
(1885-86), p. 

Obituary: Charles Carl Frederic Gauss. Pro- 
ceedings, Royal Society of London (Lon- 
don), 7 (1854-5), pp. 589-98. 

Carl Friedrich Gauss, Born April $0, 1777, 
Died February 23, 1855, R. Tucker. "Nature 
(London), 15 (1876-77), pp. 533-37. 

Carl Friedrich Gauss and His Children, F. 
Cajori. Science [n.s.] 9 (1899), pp. 697-704. 

Karl Friedrich Gauss, N. E. Dorsey. Ter- 
restrial Magnetism and Atmospheric Elec- 
tricity, 11 (1906), pp. 130-34. 

Notes on Gauss and His American Descendants, 
F. Cajori. Popular Science Monthly, 81 
(1912), pp. 105-14. 

Gauss’s Investigations on Electro-Dynamics, 
Cc, oor" Nature (London), 128 (1931), 
Pp. 4 

Carl Frederic Gauss (1777- —. R. G. Rose. 
Discovery, 16 (1955), pp. 3-64. 

Carl Friedrich Gauss as a Biyeicion N. Davy. 
Nature (London), 175 (1955), pp. 325-6. 

The Origins of Willard Gibbs’ Scientific 
Method, Edgar Zilsen. Journal of the His- 
tory of Ideas, 2 (1941), pp. 1-39. 

Josiah Willard Gibbs, M. Rukeyser. 
Today, 2 (1949), pp. 6-13. 

Josiah Willard Gibbs, R. E. Oesper, Journal 
of Chemical Education, 32 (1955), pp. 267- 


68. 

William Gilbert of Colchester, C. W. Cooke. 
Engineering (London), 48 (1899), pp. 717- 
18, 729-30. 

William Gilbert, of Colchester, Founder of 
the Science of Electricity, S$. P. Thompson, 
The Essex Naturalist (Essex), 5 (1891), pp. 


Physics 


50-64. 

Gilbert of Colchester: The Tricentenary of 
Electric and Magnetic Science, B. Potomiani. 
Popular Science Monthly, 59 (September, 
1901), pp. 337-50. 

The Autograph of Dr. William Gilbert, S. P. 
eg Electrician (London), 48 (1901- 
2), p Pp. 

A Review a s. P. Thompson's Book “ Wil- 
liam Gilbert of Colchester.” Published by 
the Gilbert Club in 1900. Nature (London), 
66 (1902), pp. 249-51. 

at ae Gilbert and ‘Terrestrial Magnetism, 

P. Thompson. Geographical Journal 
WS, 21 (1903), pp. 611-18. 

Gilbert of Colchester, Father of Electrical 
Science. Electrician (London), 52 (1903-4), 
pp. 288-92. 

The Gilbert Tercentenary. eenem (Lon- 
don), 52 (1903-4), pp. 305 

The Family and Arms of Gitbert ‘of Colchester, 
S. P. T. Thompson. Transactions of the 
Essex Archaeological Society (Essex), [n.s.], 
9 (1906), pp. 197-211. 

William Gilbert and Magnetism in 1600, R. B. 
Lindsay. American Journal of Physics, 8 
(1940), pp. 271-82. 

William Gilbert, First Electrician, A. K. Bruce. 
Engineer (London), 172 (1941), pp. 336-37. 

William Gilbert and the Science of His Time, 
S. Chapman. Nature (London), 154 (1944), 
pp. 132-36. 

William Gilbert: His Place in the Medical 

World, W. Langdon- ——o> Nature (Lon- 
don), 154 (1944), pp. 136-39. 
Dr. William Gilbert of olbene, R. Suter. 


gd Monthly, 70 (April 1950), pp. 

254-61. 

William Gilbert on the Rainbow, C. B. Boyer. 
American Journal of Physics, 20 (1952), 
pp. 416-21. 

A Biographical Sketch of Dr. William Gil- 
bert of Colchester, R. Suter. Osiris, 10 
(1952), pp. 368-84. 

Comment on C. MacKechnie Jarvis’s Paper Re- 
garding ‘ Dr. William Gilbert,’ G. F. Gains- 
borough. Journal, Institution of Electrical 
Engineers (1955), 191-92. 

Gilbert and the Historians, M. B. Hesse. 
British Journal for the Philosophy of Science, 
11 (1960), pp. 1-10. 

Richard Tetley Glazebrook. Journal, Institu- 
tion of Electrical Engineers (London), 79 
(1936), pp. 693-95. 

Obituary: Sir Richard Tetley Glazebrook, 
1854-1935, A. Ferguson. Proceedings, Physi- 
cal Society of London (London), 48 (1936), 
pp. 929-33. 

Richard Tetley Glazebrook, F. J. Selby, Ray- 
leigh. Obituary Notices of the Royal Society 
(London), 2 (1936-8), pp. 29-56. 

Michel Gloesener, V. H. P. Caillard. Journal, 
Society of ——— ane (London), 
11 (1882), pp. 365-8 

Obituary: Sir Daniel - 1815-1889. Elec- 
trician (London), 23 (1889), p. 601. 

Arthur Willis Goodspeed, 1860-1943; A Pio- 
neer in Radiology, H. C. Richards. Ameri- 
can Journal of Physics, 11 (1943), pp. 342- 


44. 

Obituary: Andrew Gray. Journal, Institution 
of Electrical Engineers (London), 64 (1925- 
26), p. 1205. 

Obituary: Andrew Gray, 1847-1925. Proceed- 
ing, Royal Society of London (London), 
110A (1926), pp. xvi-xix. 

Stephen Gray (1696-1736); An Early Elec- 
trical Experimenter, J. F. rrigan. Science 
aid (London), 19 (1924-25), pp. 102- 
1 


The First Copley Medalist [Stephen Gray], S 
Gray. Nature (London), 137 (1936), pp. 
299-300. 

An Unpublished Letter of Stephen Gray on 
Electrical Experiments, 1707-1708, R. W. 
Chipman. Isis, 45 (1954), pp. 33-40. 

Neglected Sources for the Life of Stephen 
Gray (1666 or 1667-1736), I. B. Cohen. 
Isis, 45 (1954), pp. 41-50. 

The Manuscript Letters of Stephen Gray, 
R. A. Chipman. Isis, 49 (1958), 414-33. 

Biography of George Green, Mathematical 
Physicist of Nothingham and Cambridge, 
1793-1841, H. G. Green. In Studies and 
Essays in ‘the History of Science and Learn- 
ing Offered in Homage to George Sarton 
on the Occasion of His Sixtieth Birthday, 
August 31, 1944, edited by M. F. A. Mon- 
tague. (Henry Schuman, New York), pp. 
545-94 

Dr. Norvin Green. 
(1883), pp. 6-7. 

Obituary: Sir William Grove, 1811-1896. Elec- 
trician (London), 37 (1896), pp. 483-84. 

Otto Von Guericke: A Neglected Genius, 
T. Coulson. Journal, Franklin Institute, 
236 (1943), pp. 241-64, 333-51. 

Guericke’s Sulphur Globe, N. H. DeV. Heath- 
cote. Annals of Science, 6 (1950), pp. 293- 

05. 


Electrician (London), 11 


Guericke and Dufay, I. B. Cohen. Annals 
of Science, 7 (1951), pp. 207-9. 
Otto Von Guericke, B. Dibner. Electrical 


Engineering, 73 (1954), pp. 396-97. 
Obituary: Charles Edouard Guillaume, 1861- 
1938, G. A. B. Proceedings, Physical Society 








154 Thomas James Higgins 


4 London (London), 50 (1938), pp. 971- 


Edmond Halley and the Problems of Ter- 
restrial Magnetism, A. C. Williams. London 
University (London), Dissertation, 1937. 

Edmond Halley as a Physical Geographer, and 
the Story of His Charts (booklet), S$. Chap- 
man. Royal Astronomical Society, London, 
England, 1941, 15 pages. 

Edmond Halley and Geomagnetism, S$. Chap- 
man. Terrestrial Magnetism and Atmo- 
spheric Electricity, 48 (1943), pp. 131-44. 

Edmond Halley and Geomagnetism, S. Chap- 
_, Nature (London), 152 (1943), pp. 

Edmond Halley: The First Geophysicist. Sir 
E. Bullard. Nature (London), 178 (1956), 
pp. 891-92. 

Edmond Halley (1656-1741), Sir E. Bullard. 
a (London), 15 (1956), pp. 189- 


Francis Hauksbee, D. Roller and D. N. Roller. 
Scientific American, 189 (August 1953), pp. 


64-69. 
Hauksbee, Comment by L. Espenschied. Sci- 
entific American, 190 (November 1953), 


pp. 4, 6. 

Hammond V. Hayes 1860-1947, R. B. Hill 
and T. Shaw. Bell Telephone Magazine, 
26 (1947), pp. 150-73. 

A Contemporary of Franklin, [Maximilian 
Hell, an Early Student of Electricity, 1720- 
1792]. Electrician (London), 15 (1885), 


p. 25. 

Scientific Worthies X: Hermann Ludwig 
Ferdinand Helmholtz, J. C. Maxwell. Nature 
(London), 15 (1876-7), pp. 389-91. 

Hermann Von Helmholtz, H. Kronecker. Elec- 
trician (London), 27 (1891), pp. 436-39, 
465-68. 

Obituary: Hermann Von Helmholtz. 
(London), 50 (1894), pp. 479-80. . 

Hermann Von Helmholtz, E. L. Nichols. Physi- 
cal Review, 2 (1894-95), pp. 161, 222-27. 

The Physical Work of Von Helmholtz, A. W. 
Rucker. Proceedings, Royal Institution of 
— Britain (London), 14 (1893-95), pp. 

481 


Nature 


-96. 
Physical Work of Hermann Von Helmholtz, 
. Rucker. Nature (London), 51 (1894- 
95), pp. 472-75, 493-95. , 

Obituary: Herman Helmholtz. Proceedings, 
Royal Society of London (London), 59 
(1895-96), pp. xvii-xxx. 

Helmholtz Memorial Lecture, G. F. Fitz- 
gerald. Journal, Chemical Society (London), 
69 (1896), pp. 885-912. 

A Review of the Three Volumes of the Bi- 
ography of Helmholtz by Leo Koenigsberger, 
J. Burdon-Sanderson, H. Hilton. Nature 
(London), 68 (1903), pp. 193-96 

Helmholtz and Virchow. Scientific Monthly, 
13 (1921), pp. 282-85. 

Herman Von Helmholtz, L. C. Karpinski. 
Scientific Monthly, 13 (1921), pp. 24-32. 
Helmholtz on the Doctrine of Energy, A. 
Crew. Journal, Optical Society of America, 

6 (1922), pp. 312-26. 

Reminiscences of Hermann Von Helmholtz, 
M. I. Pupin. Journal, Optical Society of 
America, 6 (1922), pp. 336-42. 

Helmholtz’s Contributions to Physiological 
Optics, L. T. Troland. Journal, Optical 
Society of America, 6 (1922), pp. 327-35. 

Hermann Von Helmholtz and His Work in 
Physiological Optics, C. Sheard. Scientific 
Monthly, 22 (1926), pp. 373-75. 

Helmholtz’s Theory of Knowledge, V. F. Len- 

zen. In “ Studies and Essays in the History 

of Science and Learning Offered in Homage 








to George Sarton ... 
(New York), 1947, pp. ” 299- 319. 


»” Henry Schuman 


Herman Von Helmholtz. 2 Huber. 
mentia, 1951, pp. 356-60. 

Herman Von Helmholtz: Nineteenth Century 
Polymorph, H. Gruber and V. Gruber, 
Scientific Monthly, 83 (1956), pp. 92-99, 

Helmholtz, A. C. Crombie. Scientific Ameri- 
_ 198 (March 1958), pp. 94-96, 98, 100, 


Experi- 


A Testimonial to H. H. Henline From Past 
A. I. E. E. Presidents, F. O. McMillan. Elec- 
trical Engineering, 73 (1954), pp. 690-91. 

Life and Character of Joseph Henry, J. C. 
Welling. Bulletin, Philosophical Society of 
Washington, 2 (1874-78), pp. 203-29 

Henry and the Telegraph, W. B. Taylor. 
Annual Report, Smithsonian Institution, 
(1878), pp. 262-360. 

An Historical Sketch of Henry’s Contribution 
to the Electromagnetic Telegraph: With 
an Account of the Origin and Development 
of Prof. Morse’s Invention (book), B. 
Taylor. From Annual Report, Smithsonian 
Institution, (1878), pp. 262-360. Reprinted 
by Government Printing Office, Washington, 
D.C., 1879, 103 pages. 

America’s Part in the Discovery of Magneto- 
Electricity, a Study of the Work of Faraday 
and Henry, M. A. Henry. The Electrical 
Engineer [of New York], 13 (1892), pp. 
27-30, 53-55, 103-06, 134-36, 153-54, 249- 
50. Abstracted in the Electrician (London), 
28  trcrieaaas pp. 327-28, 348-49, 407-8, 
661-63. 


The Early Work of Joseph Henry, J. F. 
McElroy. Transactions, American Electro- 
chemical Society, 13 (1908), pp. 339-43; 
discussion pp. 344-45. 

The Debt We Owe to Henry as a Scientist, 
M. I. Pupin. Transactions, American Insti- 
tute of Electrical Engineers, 31 (1912), pp. 
1019-26. 

Joseph Henry, E. W. Rice Jr. General Electric 
Review, 27 (1924), pp. 85-89. 

Joseph Henry, the American Pioneer in Elec- 
trical Communication, B. Gherardi, R. W. 
King. Bell System Technical Journal, 5 
(1926), pp. 1-10. 

Certain Aspects of Henry’s Experiments on 
Electromagnetic Induction, J. S. Ames. 
Journal, Washington Academy of Science, 
75 (1931), pp. 493-503. Science, 75 (1932), 
pp. 87-92. 

Joseph Henry, W. F. Magie. Reviews of 
Modern Physics, 3 (1931), pp. 465-95. 
Joseph Henry, E. W. Stone. Scientific Monthly, 

33 (1931), pp. 212-26. 

Henry as an Electrical Pioneer, B. Gherardi. 
Bell System Technical Journal, 11 (1932), 
Pp. 327-33. 

The Work of Joseph Henry. in Relation to 

Applied Science and Engineering, A. E. 
Kennelly. Science, 76 (1932), pp. 1-7. 

The Work of Joseph Henry in Relation to 
Applied Science and Engineering, A. E. Ken- 
nelly, Science, 76 (1932), pp. 1-7. 

The Work of Joseph Henry in Relation to 
Applied Science and Engineering, A. E. 
Kennelly. Journal, Washington mend of 
Science, 22 (1932), pp. 293-310 

The Electrical Discoveries of Joseph Henry, 
H. S. Osborne, A. M. Dowling. Bell System 
Technical Journal, 11 (Supplements to July 
1932), pp. 1-22. 

Acoustical Investigations of Joseph Henry as 
Viewed in 1940, W. F. Snyder. Journal, 
Acoustical Society of America, 12 (July 
1940), pp. 58-61. 

Joseph Henry, Pioneer in Space Communica- 
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tion, W. F. Magie. Proceedings, Institute 
of Radio Engineers, 30 (1942), pp. 261-6. 
Joseph Henry—Pioneer in Electrical Science, 
H. S. Osborne. Electrical Engineering, 61 
(1942), pp. 550-63. 
Joseph Henry, J. A. Wheeler, H. S. Bailey. 
Americar. Scientist, 34 (1946), pp. 619-32, 


642. 

Joseph Henry (1797-1878), Architect of Or- 
ganized Science, J. H. Wheeler and H. S. 
ag Jr. American Scientist, 34 (1946), 

619-32. 

aM oe M. —., Scientific Ameri- 
can, 191 (1954), pp. 72-77. 

Joseph Henry (1797- Ti78) and His Smith- 
sonian Institution, L. Carmichael. New- 
comen Society in North America (New York- 
San Francisco-Montreal), 1956, 28 pages. 

Carl Hering Dies Suddenly. Electrical World, 
87 (1926), p. 1069. 

Presentation of the Perkin Medal to J. B. F. 
Herreshoff, C. F. Chandler. General Electric 
Review, 11 (1908), pp. 42-44. 

Obituary: Heinrich Hertz. Nature (London), 
49 (1893-94), pp. 265-66. 

Sketch of Heinrich Hertz, H. Bonfort. Annual 
Report, Smithsonian Institution, Part 1 
(1894), pp. 719-26. Popular Science Month- 
ly, 45 (1894), pp. 401-9. 

Heinrich Hertz, H. Ebert. Electrician (Lon- 
don), 33 (1894), pp. 272-74, 299, 332-35. 
The Work of Hertz: Corrections and Expiana- 
tions, O. Lodge. Electrician (London), 33 
(1894), pp. 271-72. 

Further Notes to the Lecture on the Work 
of Hertz, O. Lodge. Electrician (London), 
$3 (1894), p. 362. : 
Heinrich Hertz, E. L. Nichols. Physical Re- 
view, 1 (1893-94), pp. 321, 383-86. 
Heinrich Hertz, Electrician (London), 33 

pp. 415-17, = 


O. Lodge. 

(London), 33 (1894), pp. i53- 55, 186-90, 
204-5. 

Heinrich Rudolf Hertz, R. Appleyard, Elec- 

trical Communication, 6 (1927-28), pp. 63- 


Electrician 


77. 

Hertz, the Discoverer of Electric Waves, J. 
Blanchard. Bell System Technical Journal, 
17 (1938), pp. 327-37. Proceedings, Institute 
of Radio Engineers, 26 (1938), pp. 505-15. 

Hertz, the Discoverer of Electric Waves, J 
Blanchard. Proceedings, Institute of Radio 
Engineers, 26 (1938), pp. 505-15. 

——% Heinrich (1857-1894), Tas 24 (1938), 

415-16. 

Heinrich Hertz, P. Morrison, E. Morrison. 
Scientific American, 197 (December, 1957), 
pp. 98-100, 102, 104, 106. 

Heinrich Hertz, P. G. Cath. Janus, 46 (1957). 

Reflections on the Centenary of the Birth of 
Heinrich Rudolph Hertz, A. Herczeg. Pro- 
ceedings, Institution of Radio Engineers of 
Australia, 19 (1958), pp. 94-98; Weston 
Engineering Notes, 14 (May 1960), pp. 5-9. 

John K. Hodnette, 1957 Edition Medalist. 
Electrical Engineering, 77 (1958), pp. 214- 
27. 


Obituary: Bertram Hopkinson 1874-1918. Pro- 
ceedings, Royal Society of London (Lon- 
don), 95A (1918-19), pp. xxvi-xxxvi. 

Dr. Edward Hopkinson. Electrician (London), 
Ming (1922), p. 64. 

John Hopkinson. Electrician (London), 
i" (1889-90), pp. 236-37, 

Memorial Notice on John Seshincen, me 
Glazebrooke. Proceedings, London Mathe- 
matical Society (London), 29 (1897-98), 
pp. 727-31 


155 


Obituary: John Hopkinson. Journal, Insti- 
tution of Electrical Engineers (London), 
28 (1899), pp. 676-8. 

Obituary: John Hopkinson. Proceedings, 
Royal Society of London (London), 64 
(1898-99), pp. xvii-xxiv. 

Obituary: David Edward Hughes. Journal, 
Institution of Electrical — (London), 
29 (1899-1900), pp. 951-5 

Recovery of Hughes's Original Microphones 
and Other Instruments of Historic interest, 
A. A. C. Swinton. Nature (London), 109 
(1922), p. 485. 

The Life and Work of David Hughes, S. 
Evershed. Journal, Institution of Electrical 
re (London), 69 (1930-31), pp. 1245- 


Mr. Evershed’s Centenary Discourse at the 
Institution of Electrical Engineers [on D. 
Hughes]. Electrician (London), 106 (1931), 
pp. 750-51. 

Centenary of David Edward Hughes. 
(London), 127 (1931), pp. 822-24. 

P. V. Hunter [and] Electrical Engineering in 
Our Time, Journal, Institution of Electrical 
Engineers (London), 5 (1959), pp. 501-6. 

Samuel Insull Reminisces, [Start of Common- 
wealth Edison and Middle West Utilities), 
S. Insull. Electrical World, 95 (1930), pp. 
1029-31. 

Herbert Eugene Ives, O. E. Buckley and K. K. 
Darrow. Biographical Memoirs, National 
— of Science, 29 (1956), pp. 145- 
18 


Obituary: Paul Jablochkoff, 1847-1894. Elec- 
trician (London), 32 (1893-94), pp. 663-64. 

Introductory Remarks [on Sir James Jeans], 
M. I. Pupin. Scientific Monthly, 33 (1931), 
pp. 10-11. 

as James Hopwood Jeans in New York, 

. G. Swann. Scientific Monthly, 33 11981), 
oh 5-10. 

Sir James Jeans (Obituary Notice), Proceed- 
ings, Physical Society of London (London), 
59 (1947), pp. 503-6. 

James Hopwood Jeans, 1877- 1946, E. A. Milne. 
Biographical Memoirs, Royal Society of 
London, 5, pp. 573-89. 

Obituary: The Late Prof. Fleeming Jenkin, 


Nature 


LL. D., F.R.S. Electrician (London), 15 
(1885), p. 97. 
Obituary: Henry Charles Fleeming Jenkin. 


Proceedings, Royal Society of London (Lon- 
don), 39 (1885), pp. i-iii. 

Obituary: Fleeming Jenkin. Journal, Society 
of om Engineers (London), 14 (1885), 
Pp. 

Frank Baldwin Jewett—John Fritz Medalist, 
K. . Compton. Electrical Engineering, 
58 (1939), pp. 115-17. 

The Career of Frank Baldwin Jewett, J. Mills. 
Bell Laboratory Record, 22 (1943-44), pp. 
543-49. 

Frank Baldwin Jewett: An Appreciation, R. 
W. King. Bell © een Magazine, 23 
(1944), pp. 200-2 

Obituary: A. C. Jolley, C. V. Drysdale. Pro- 
ceedings, Physical Society of London (Lon- 
don), 49 (1937), pp. 701-2. 

Obituary: Viriamu Jones, W. E. Ayrton. 
Nature (London), 64 (1901), pp. 161-62. 

Scientific Worthies XX: James Prescott Joule, 
T. E. Thorpe. Nature (London), 26 (1882), 
pp. 617-21. 

Biographical Byways: John Prescott Joule 
(1818-1889) [and the I?R Law], A. Schuster. 
Nature (London), 115 (1925), pp. 55-57. 

The Joule Collection in the College of Tech- 
nology, Manchester, H. Lowery. Journal 
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of Scientific Instruments Gaston). 7 (1930), 
pp. 369-78; 8 (1931), pp. 1-7 

The Joule Museum, Salford. j. P. Joule. 
Nature (London), 168 (1951), pp. 721-22. 

Obituary: Gisbert Kapp. Journal, Institution 
of Electrical Engineers (London), 60 (1921- 
22), pp. 952-53 

Eulogy on Gisbert Kapp, W. Cramp. Journal, 
Institution of Electrical Engineers (London), 
61 (1922-23), pp. 136-37. 

Obituary: Dr. Gisbert Kapp, 1852-1922. Elec- 
trician (London), 89 (1922), 189. 

Obituary: Professor Gisbert Kapp. 
(London), 110 (1922), p. 257. 

The Mathematical Thread in My Life, V. 
Karapetoff. Scripta Mathematica, 7 (1940), 
pp. 63-67. 

In Memoriam: Dr. Vladimir Karapetoff, Janu- 
ary 8, 1876-January 11, 1948, V. L. Dzwon- 
czyk. The Bridge of Eta Kappa Nu, 44 
(1948), pp. 7-9. 

Career of the [1943 Lamme] Medalist [A. H 
Kehoe], H. R. Searing. Electrical Engi- 
neering, 63 (1944), p. 328. 

Edison Medal. Award to Dr. A. E. Kennelly— 
Mr. Clayton Sharp’s Citation at the Pre- 
sentation in New York. Electrician (Lon- 
don), 112 (1934), p. 191. 

Obituary: Arthur Edward Kennelly. Journal, 
Institution of Electrical Engineers (London), 
85 (1939), pp. 777-78. 

Arthur Edwin Kennelly, 1861- 1939, V. Bush. 
Biographical Memoirs, National Academy of 
Sciences, 22 (1943), pp. 83-119. 

Obituary: John Kerr, 1824-1907. Proceedings, 
Royal Society of London (London), 82A 
(1909), pp. i-v. 

The Rev. John Kerr, Inventor of the Kerr 
Cell. R. C. Gray. Nature (London), 9 
(1936), pp. 33-36. 

The Kerr Cell in Television, J. L. Baird. 
Television and Shortwave World (London), 
9 (1936), pp. 33-36. 

Louis Vessot King, 1886-1956, J. S. Foster. 
Biographical Memoirs, Royal Society of Lon- 
don (London), 3 (1957), pp. 101-8. 

Samuel Montgomery Kintner. Journal of 
Applied Physics, 8 (1937), pp. 117-21. 

A Memoir of Gustav Robert Kirchhoff, Trans- 
lated by Joseph de Perott, R. von Helm- 
holtz. Smithsonian —- Annual Re- 
port, 2 (1889), pp. 527-4 

Biographical Byways: Rinchhoff (1824-1887) 
and Bunsen (1811-1899). A Schuster. Nature 
(London), 115 (1925), pp. 126-27. 

Bunsen, Kirchhoff and the Spectroscope (1859), 

H. S. Green. Research Applied in In- 


Nature 


dustry, 12 (1959), pp. 288-92. 
Obituary: Friedrich Wilhelm Kohlrausch, 
1840-1910. Proceedings, Royal Society of 


London (London), 85A (1911), pp. xi- 
xiii. 

The Achievements of Benjamin G. Lamme, 
B. A. Behrend. Electric Journal, 16 (1919), 
pp. 235-38. 

Response to Address of Presentation of the 
Edison Metal, B. Lamme.__ Electric 


Journal, 16 (1919), pp. 238-42. 
Professor Paul Langevin, For. Mem. R. S. 
(1872-1946), J. D. Bernal. Nature (Lon- 


don), 159 (1947), pp. 798-99. ; 
Irving Langmuir, K. B. Blodgett. Chemical 
Education Journal, 10 (1933), pp. 396-99. 
Dr. Irving Langmuir, Newly Elected Presi- 
dent of the American Association for the 
Advancement of Science, W. R. Whitney. 
Scientific Monthly, 52 (1941), pp. 182-84. 
Irving Langmuir—Pioneer in Research, A. P. 
M. Fleming. Electrical Engineering, 63 
(1944), p. 362. 


Irving Langmuir, 1881-1957, Sir H. Taylor, 
Biographical Memoirs, Royal Society of 
London (London), 4 (1958), pp. 167-84, 

Dr. Irving Langmuir’s Contributions to Physics, 
A. W. Hull. Nature (London), 181 (1958), 


pp. 148-49. 
Scientific Worthies XLII: Sir Joseph Larmor, 
H. Lorentz. Nature (London), ll 


A. 
(1923), pp. 1-6. 

The Work of Sir Joseph Larmor. O. Lodge. 
Philosophical Magazine (London), [7] 8 
(1929), pp. 576-84. 

Obituary: Sir Joseph Larmor, 1847-1942, A. S, 
Eddington. Nature (London), 149 (1942), 
pp. 631-33. 

Joseph Larmor, 1857-1942, Sir Arthur Edding- 
ton. Obituary Notices, Royal Society of 
sopeee (London), 4 (1942-44), pp. 197- 


Sir , Larmor and Modern Mathematical 
pg D. Birkhoff. Science, 97 (1943), 

Sir Joseph Larmor, E. C. Proceedings, Physical 
Society of London (London), 55 (1943), 
pp. 248-49. 

Pioneer Experiments of Eugene Lauste in 
Recording Sound, M. Crawford. Journal, 
Society of Motion Picture Engineers, 17 
(1931), pp. 632-44. 

E. O. Lawrence—Faraday Medalist, J. Hacking. 
amegeed Engineering, 71 (1952), pp. 970- 


States- 
Science, 


E. O. Lawrence—Physicist, Engineer, 
man of Science, G. T. Seaborg. 
128 (1958), pp. 1123-24. 

James Bowman Lindsay, Electrician, Astron- 
omer, Linguist (1799-1862), J. J. Fahie. 
Electrical Engineer (London), 23 (1899), 
pp. 21-22, 51-55. 

Oliver Lodge. Electrician (London), 25 
(1890), pp. 480-81, 

Sir Oliver Joseph Lodge, | 1851-1940, R. A. 
Gregory, A. Ferguson. Obituary Notices of 
the Fellows of the Royal Society (London), 
3 (1939-41), pp. 551-74 

Obituary: Oliver Lodge. Journal, Institution 
of Electrical Engineers (London), 87 (1940), 
pp. 706-8. 

Obituary: Sir Oliver Joseph Lodge, A. Fer- 
guson. Philosophical ee (London), 
[7] 30 (1940), pp. 341-4 

Obituary Notices, Sir Oliver Joseph Lodge 
(1851-1940), S. G. Soal. Proceedings, Physi- 
cal —— of London (London), 53 (1941), 
pp. 

Sir Oliver Lodge, 1851-1940, W. F. G. Swann. 
Scientific Monthly, 52 (1941), pp. 278-80. 


Obituary: Prof. H. A. Lorentz, E. T. Whit- 
pa Nature (London), 121 (1928), pp. 


Obituary: Hendrik Antoon Lorentz. Journal, 
Institution of Electrical Engineers (London), 
66 (1927-28), p. 1239 

Obituary: Hendrik Antoon Lorentz, 1853- 
1928, O. W. Richardson. Journal, London 
Mathematical Society (London), 4 (1929), 
pp. 183-92. 

Obituary: Hendrik Antoon Lorentz 1853- 
1928. Proceedings, Royal Society of London 
(London), 121A (1928), pp. xx-xxviii. 

Hendrik Antoon Lorentz, Obituary 1852-1928, 
E. M. Scientific Monthly, 26 (1928), p. 569. 

H. A. Lorentz, G. W. O. Howe. Wireless 
Engineer, 31 (1954), pp. 79-80. 

H. A. Lorentz and the Bearing of His Work 
on Electromagnetic Telecommunication, B. 
Van der Pol. Telecommunication Journal, 
20 (1955), pp. 164-68; Tijdschrift van Nat. 
Netherlands Radiogenertschafer, 18 (1953), 
pp. 254-264 
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Work on High Voltage 


Dr. Luigi Emanuelli: 
Engineering (London), 


Cable [Obituary]. 
187 (1959), p. 292. 

Thomas Ranken Lyle, 1860-1944, K. Grant. 
Obituary Notices of the Fellows of the 
Royal Society (London), 5 (1945), pp. 33- 
49 


Hector Munro MacDonald, 1865-1935, E. T. 
Whittaker. Obituary Notices of the Fellows 
of the Royal Society (London), 1 (1932-35), 
pp. 551-58. 

Obituary: Hector Munro MacDonald, 1865- 
1935, E. T. Whittaker. Journal, London 
Mathematical Society (London), 10 (1935), 
pp. 310-18. 

Professor J. T. MacGregor-Morris. Transac- 
tions, es Engineering Society, 24 
(1959), p 

John Bevteld Mac Neill (Lamme Medalist 
for 1946): The Medalist’s Career, S. M. 
eyo Electrical Engineering, 66 (1947), pp. 
748- 

Pony Revisits the Scenes of His Youth, 
G. Marconi. Wireless World and Radio 
Review (London), 19 (1927), pp. 525-26. 

Marchese Marconi, Death of the Inventor of 
Practical Radiotelegraphy—Principal Land- 
marks of a Remarkable Life. Electrician 
(London), 119 (1937), pp. 101-2. 

Obituary: His Excellency the Marchese 
[Guglielmo] Marconi, 1874-1937. Journal, 
Institution of Electrical Engineers (London), 
81 (1937), pp. 821-22. ee 

Guglielmo Marconi, D. C. Jackson. Scientific 
Monthly, 47 (1938), pp. 144-51. 

The Memorial to Marconi, E. Kelly. Scientific 
Monthly, 54 (1942), pp. 92-95. 

Obituary: Eleuthere Elie Nicolas Mascart, 
1837-1908. Proceedings, Royal Society of 
London (London), 83A (1910), pp. i-ii. 

Thomas Mather, W. E. Sumpner. Obituary 
Notices of the Fellows of the Royal Society 


(London), 2 (1936-38), pp. 381-84. 
James Clerk Maxwell, . Garnett. Nature 
(London), 21 (1879-80), pp. 43-46. 


Clerk-Maxwell’s Scientific Work, P. G. Tait. 
Nature (London), 21 (1879-80), pp. 317-21. 

A Review of the Book Entitled: Electricity 
and Magnetism by Clerk Maxwell, G. Chry- 
stal. a (London), 25 (1881-82), pp. 
237-4 

PR te James Clerk Maxwell. Proceedings, 
Royal Society of London (London), 33 
(1881-82), pp. i-xvi. 

Pioneers of Communication: James Clerk 
Maxwell, R. Appleyard. Electrical Com- 
munication, 5 (1926-27), pp. 73-86. 

James Clerk Maxwell, J. Larmor. Supplement 
to Nature (London), 118 (1926), pp. 44-47. 

Maxwell and Modern "Theoretical Physics, N. 
Bohr. Nature (London), 128 (1931), pp. 
691-92. 

The Clerk Maxwell Centenary Celebrations, 
A. Ferguson, Nature (London), 128 (1931), 
pp. 604-8. 

James Clerk Maxwell, 1831-1879, E. H. Hall. 
Scientific Monthly, 33 (1931), pp. 500-11. 

The Life and Work of James Clerk Maxwell, 
1831-1879, E. T. Jones. Proceedings, Royal 
Philosophical Society of Glasgow (Glasgow), 
60 (1931-32), pp. 54-77. 

Old Tripos Days at Cambridge, as Seen From 
Another Senne Sketches of Maxwell 
and Others Pearson. Mathematical 
Gazette finnten, 20 (1936), pp. 27-36. 

The Inaugural Clerk Maxwell Memorial Lec- 
ture, G. W. O. Howe. Journal, British 
Institution of Radio Engineers, 9 (1951), 


pp. 545-54. 


Clerk Maxwell’s Corrections to the Page 
Proofs of ‘“‘A Dynamical Theory of the 
Electromagnetic Field,” P. F. Cranefield. 
— of Science (London), 10 (1954), pp. 

The Second Clerk Maxwell Memorial Lecture, 
Sir J. Cockroft. Journal, British Institution 
of Radio Engineers, 14 (1954), pp. 389-96. 

James Clerk Maxwell, J. R. Newman. Scien- 
tific American, 192 (June 1955), pp. 58-71. 

Maxwell on the Method of Physical Analogy, 
J. Turner. The British Journal for the 
Philosophy of Science (London), 6 (1955- 
56), pp. 226-38. 

A Note on Maxwell’s Interpretation of Some 
Attempts at Dynamic Explanation, J. Tur- 
ner. Annals of Science (London), 11 (1956), 
pp. 238-45. 

Professor James Clerk Maxwell. Journal, 
British Institute of Radio Engineers, 17 
(1957), p 

Maxwell’s Work on Electrical Resistance. 1. 
The Determination of the Absolute Unit 
of Resistance, I. B. Hopley. Annals of Sci- 
ence, 13 (1957), pp. 265-72. 

Clerk Maxwell’s Apparatus for the Measure- 
ment of Surface Tension, I. B. Hopley. 
Annals of Science (London), 13 (1957), 
pp. 180-8 

Clerk Maxwell’ s Experiments on Colour Vision, 

. Hopley. Science Progress, No. 
(1960), pp. 46-66. 

The Michelson Museum, W. B. Plum. Ameri- 

- Journal of Physics, 22 (1954), pp. 177- 


Obituary: William Morris Mordey. Journal, 
Institution of Electrical Engineers (London), 
83 (1938), pp. 895-96. 

Professor Morse and the Telegraph, B. F. 
Lossing. Scribners Monthly, 5 (1872-73), 
pp. 579-89. 

Samuel Finley Breese Morse [Portrait]. Scien- 
tific Monthly, 27 (1928), p. 191. 

Alexander Muirhead, O. Lodge. Nature (Lon- 
don), 106 (1920- 21), pp. 668-69. 

Obituary: Alexander Muirhead. Journal, In- 
stitution of Electrical Engineers (London), 
59 (1920-21), pp. 782-83. 

Obituary: Alexander Muirhead, 1848-1920. 
Proceedings, Royal Society of London (Lon- 
don), 100A (1921-22), pp. viii-ix. 

The Late Mr. John Muirhead. Electrician 
(London), 15 (1885), p. 393. 

Walther Nernst, Lord Cherwell and F. Simon. 
Obituary Notices, Royal Society of London 
(London), 4 (1942-44), pp. 101-12. 

Hans Christian Oersted, C. L. Madsen. Journal, 
Society of Telegraph Engineers (London), 
5 (1876), pp. 469-73. 

Oersted’s and Ampere’s Discoveries, M. I. 
Pupin. Journal, American Institute of Elec- 
trical Engineers, 39 (1920), pp. 1028-31. 

Oersted—The Discoverer of Electro-Magnetism. 
Nature (London), 107 (1921), pp. 492-95. 

Hans Christian O6cerst Appleyard. Elec- 
trical Communication, 6 (1927-28), pp. 


181-96. 

A Link With Oersted. Electrical Communica- 
tion, 9 (1930-31), pp. 3-5 

Hans Christian Oecrsted—Scientist, Humanist, 
and Teacher, J. R. Nielsen. American 
Physics Teacher, 7 (1939), pp. 10-22. 

Persistent Errors Regarding O6cersted’s Dis- 
covery of Electromagnetism, R. C. Stauffer. 
Isis, 44 (1953), pp. 307-10. 

Speculation and Experiment in the Background 
of Oersted’s Discovery of Electromagnetism, 
R. C. Stauffer. Isis, 48 (1957), pp. 32-50. 

Obituary: George Simon Ohm. Proceedings, 
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Royal Society of London (London), 7 (1854- 
55), pp. 598-602. 

The Scientific Work of George Simon Ohm, 
Translated by Wm. Hallock, E. Lommel. 
Smithsonian Institution Annual Report, 1 
(1891), pp. 247-56. 

George Simon Ohm, R. Appleyard. Electrical 
Communication, 7 (1928-29), pp. 3-17. 

The Reception of Ohm’s Electrical Researches 
by His Contemporaries. H. J. J. Winter. 
Philosophical Magazine, 35 (1944), pp. 371- 
86. 


Ohm and His Law, Wireless Engineer (Lon- 
don), 24 (1946), pp. 284-87. 

Georg Simon Ohm, H. —— Weston Engi- 
neering Notes, 7 (July, 1952). 

Georg Simon Ohm (1780- Nest), H. H. Burton. 
Discovery, 15 (1954), p. 279. 

G. S. Ohm, 1787-1854. Nature, 174 (1954), 

7. 


1 

Georg Simon Ohm, J. B. Thornton. The 
Australian Journal of Science, 17 (1954), 
pp. 42-46. 

Georg Simon Ohm and His Law, J. F. Perrin. 
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1863-1930. Proceedings, Royal Society of 
London (London), 130A (1930-31), pp. 
xiii-xv. 

Campbell Swinton and _ Television, J. D. 
aaa” Nature (London), 138 (1936), pp. 
6 

Gerard Swope—Hoover Medalist, K. T. Comp- 
= ' <aee Engineering, 62 (1943), pp. 
154-57. 

Nikola Tesla, T. C. Martin. Century IlIlus- 
traied Magazine, 47 (1898), pp. 582-85. 
Some Personal Recollections, yo Tesla. Scien- 
tific American, June 1915, 
My Inventions, N. Tesla. 

menter, May 1919. 

Nikola Tesla, A. P. M. Fleming. Electrical 
Times (London), 104 (1948), pp. 656- - 

Life and Work of Nikola Tesla, A. P. 
Fieming. The Engineer (London), 176 
(1943), pp. 447-48. 

Nikola Tesla, 1857-1943, R. P. Howgrave- 
Graham. Electronic Engineering (London), 
16 (1943), pp. 17-20. 

Nikola Tesla’s Achievements in the Electrical 
Art: Tesla’s Contribution to Electric Power, 
C. F. Scott. Electrical Engineering, 62 
£1048). pp. 351-55. 

Nikola Tesia’s Achievements in the Electrical 
Art: Testa’s Contribution to H igh Fre 

cy, ™ Wheeler. Flert-ical wrett 1e* 
ing, 62 (1943), pp. 355-57. 

Engineers Honor Tesla at Belgrade, R. H. 
Morris, A. W. Kramer. Power Engineering, 
60 (September 1956), pp. 94-95. 

Nikola Tesla, H. Pratt. Proceedings, Institute 

of Radio Engineers, 44 (1956), pp. 1106-8. 
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Tesla: Prophetic Genius. Electrical World, 
146 (September 17, 1956), pp. 131-33. 
Nikola Tesla (1856-1943), E. J. Holmgren. 
Nature (London), 178 (1956), pp. 1426-27. 
Engineers Honor Tesla at Belgrade, R. H. 
Morris and A. W. Kramer. Power Engi- 

neering, 60 (1956), pp. 94-95. 

Commemoration of the Centenary of the Birth 
of Nikola Tesla in Yugoslavia, A. Damjano- 
vic. Telecommunication Journal (Geneva), 
23 (1956), pp. 276-80. 

Nikola Tesla, Pathfinder of the Electrical 
Age, K. M. Swezey. Electrical Engineering, 
75 (1956), pp. 786-90. 

Tribute to N. Tesla, Father of Polyphase 

. C., Bulletin Edison Electric Institute, 
24 (1956), pp. 235-6. 

Nikola Tesla, K. M. Swezey. Science, 127 
(1958), pp. 1147-59. 

Leon Charles Thevenin. C. Suchet. Elec- 
trical Engineering, 68 (1949), pp. 843-44. 

Silvanus Phillips Thompson. Electrician (Lon- 
don), 14 (1884-85), pp. 126-27. 

The Work of S. P. Thompson, A. Russell. 
_—— (London), 77 (1916), pp. 435- 


Obituary: Silvanus Phillips Thompson. 
Journal, Institution of Electrical Engineers 
(Londo: ), 55 (1916-17), pp. 548-51. 

Obituary: Silvanus Phillips Thompson, 1851- 
1916. Proceedings, Royal Society of London 
(London), 94A (1917-18), pp. xvi-xix. 

S. P. Thompson, 1851-1916, A. P. M. Fleming. 
Journal, Institution of Electrical Engineers 
(London), 99 (part 1, 1952), pp. 42-43. 

Elihu Thomson, A. Retrospect, E. Thomson, 
General Electric Review, 10 (1907-8), pp. 
259-64. 

Presentation of the John Fritz Medal to Elihu 
Thomson, December 8, 1916, E. W. Rice. 
i Electric Review, 20 (1917), pp. 
8-43 

Professor Elihu Thomson’s Early Experimental 
Discovery of the Maxwell Electro-Magnetic 
Waves, M. B. Snyder. General Electric 
Review, 23 (1920), p. 208. 

Dr. Elihu Thomson, Scientist, Inventor and 
Educator, D. C. Jackson. General Electric 
Review, 23 (1920), pp. 983-84. 

The First Fifty Years (Testimonial Dinner 
to Thomson and Rice), O. D. Young. Gen- 
eral Electric Review, 33 (1930), pp. 486-90. 

The Contribution of Prof. [Elihu] Thomson 
to Electrical Engineering, K. T. Compton. 
Scientific Monthly, 36 (1933), pp. 474-77. 
General Electric Review, 33 (1930), pp. 666- 


69. 

The Significance of Prof. [Elihu] Thomson's 
Work in the Development of Electrical 
Engineering, K. T. Crompton. Science, 77 
(1933), pp. 415-18. 

In Honor of Prof. Elihu Thomson, V. Bush. 
Science, 77 (1933), pp. 418-20. 

Earliest Wireless Experiments in America. 
Elihu Thomson Played with Idea Over Half 
Century Ago, N. G. Goodman. Journal, 
Franklin Institute, 224 (1937), pp. 311-14. 

Elihu Thomson, A. E. Kennelly. Scientific 
Monthly, 44 (1937), pp. 474-76. 

Early Contributions of Elihu Thomson to 
Alternating-Current Development, Jj. A. 
McManus. General Electric Review, 40 
(1937), pp. 402-11. 

Obituary: Elihu Thomson. Journal, Insti- 
tution of Electrical Engineers (London), 
81 (1937), pp. 827-28. 

Elihu Thomson. Journal of Applied Physics, 


8 (1937), pp. 269-70 
Elihu Thomson: 


Electrical Engineer, D. C. 








Jackson. Electrical Engineering, 58 (1939), 
pp. 251-55. 

Unveiling of Tablet Honors Elihu Thomson, 
A. L. Rohrer representing the Elihu Thom. 
son Associates. —— Franklin Institute, 
229 (1940), pp. 244-49. 

Elihu Thomson, 1853-1937, K. T. Crompton. 
Science, 95 (1942), pp. 285-89. 

Elihu Thomson—In Retrospect, E. D. Wallace, 
Journal, Franklin Institute, 235 (1943), 
pp. 479-81. 

Biographical Memoir of Elihu Thomson, 1853- 
1937, K. T. Crompton. Biographical 
Memoirs, National Academy of Sciences, 21 
(1949), pp. 143-79. 

i March 29, 1853 to March 
13, 1937. Electrical Engineering, 56 (1957), 
pp. 482-88. 

Some Prominent Members of the Franklin 
Institute. 6. Elihu Thomson, 1853-1937, 
T. Coulson. Journal, Franklin Institute, 
264 (1957), pp. 87-103. 

Sir J. J. Thomson, O. Lodge. Nature Supple- 
ment (London), 118 (1926), pp. 49-51. 
Retrospect, J. J. Thomson. Nature Supple- 
ment (London), 118 (1926), pp. 41-44. 
Sir J. J. Thomson’s Seventieth Birthday, Mes- 
sages of Congratulations from Abroad. 
Nature (London), 118 (1926), pp. 879-84. 
Joseph John Thomson, 1856-1940, Lord Ray- 
leigh. Obituary Notices of the Fellows of 
the Royal Society (London, England), $ 

(1939-41), pp. 587-609. 

Obituary: Sir Joseph John Thomson, E. T. 
Whittaker. Proceedings, Royal Society of 
—— (Edinburgh), 60 (1939-40), pp. 

410-15 

The Work of Sir Joseph John Thomson, 
W. F. G. Swann. Scientific Monthly, 51 
(1940), pp. 376-78. 

Obituary: Joseph John Thomson. Journal, 
Institution of Electrical Engineers (London), 
87 (1940), pp. 718-19. 

Sir J. J. Thomson, [A Short Sketch by Twelve 


Former Students or Associates]. Nature 
(London), 146 (1940), pp. 351-57. 
Obituary: Sir J. J. Thomson. Philosophical 


—— (London), [7] 30 (1940), pp. 

-31. 

Sir J. J. Thomson, O.M., F.R.S. [1856- 
1940], A Centenary Biography, D. J. Price. 
Discovery (London), 17 (1956), pp. 494- 
502. 


J. Thomson [B. 1856], Sir G. Thomson. 
"Nature (London), 178 (1956), pp. 1317- 


J. J. Thomson as We Remember Him, G. 
and J. Thomson. Notes and Records, Royal 
— of London, 12 (1956-57), pp. 201- 


sie. J. Thomson, O. M., F.R.5S., D. J. Price. 
Supplemento del Nuovo Cimento (Rome), 
4 (1957), pp. 1609-29. 

Obituary: Rene Thury. Journal, Institution 
of — Engineers (London), 83 (1938), 


Pp. 3 

Philip Torchio—1939 Edison Medalist, R. H. 
Tapscott. Electrical Engineering, 59 (1940), 
pp. 99-101. 

John Seely Edmund Townsend, 1868-1957, 
A. von Engel. Biographical Memoirs, Roval 
Society of London (London), 3 (1957), 
pp. 257-72. 

Tyndall’s Experiments on Magne-Crystallic 
Action, W. Bragg. Nature Supplement 
(London), 119 (1927), pp. 61-72. 

Hendrick Johannes van der Bijl, 1887-1948, 
F. J. Schonland. Obituary Notices, Royal 
Society of London (London), 7 (1950-51), 
pp. 22-34. 
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Dr. B. van der Pol (Obituary), Nature, 184 
(1959), pp. 1020-21. 

Van’t Hoff (1852-1911) in Retrospect, H. S. 
Van Klooster. Journal of Chemical Educa- 
tion, 29 (1956), pp. 376-79. 

The Varley Brothers: Cromwell Fleetwood 
Varley and Samuel Alfred Varley, A. G. 
Lee. Journal, Institution of Electrical Engi- 
neers (London), 71 (1932), pp. 958-64. 

The Inventor of the Dynamo, (Samuel Var- 
ley]. Electrical Review (London), 110 
(1932), p. 407. 

Alessandro Volta, R. Appleyard. Electrical 
Communication, 5 (1926-27), pp. 235-49. 
Alessandro Volta, A. A. Samorini. Interna- 
tional Telephone Review, 3 (July 1927), 

pp. 28-32. 

Science and Industry in Italy. [The Volta 
Centenary Exhibit]. Nature (London), 120 
(1927), pp. 122-23. 

The Volta Temple at Como. Nature (Lon- 
don), 123 (1929), pp. 683-84. 

Volta, F. Walker. Engineering (London), 145 
(1938), pp. 1-2, 53-54, 113-14. 

Alessandro Volta, 1745-1827, E. C. Smith. 
Nature (London), 155 (1945), pp. 473-74. 

Obituary: George Walker Walker, 1874-1921. 
Proceedings, Royal Society of London (Lon- 
don), 102A (1922-23), pp. xxii-xxvi. 

Miles Walker, 1868-1941, H. Rottenburg. 
Obituary Notices of the Fellows of the Royal 
Society (London), 3 (1939-41), pp. 779-89. 

Thomas A. Watson’s Contributions to Tele- 
phony, W. C. F. Farnell. Bell Telephone 
Quarterly, 14 (1935), pp. 88-102. 

Thomas A. Watson, Maker of Telephones, 
R. B. Hill. Bell Laboratories Record, 26 
(1948), pp. 166-69. ; 

Frederick Charles Webb. Electrician (London), 
16 (1885-86), pp. 66-67. 

Wilhelm Weber. Electrician (London), 27 
(1891), pp. 245-46. 

Obituary: Wilhelm Eduard Weber. Nature 
(London), 44 (1891), pp. 229-30. 

Wilhelm Edward Weber. Terrestrial Magnetism 

1 and Atmospheric Electricity, 12 (1907), 
pp. 125-28. 

The Work of Dr. Carl Auer von Welsbach 
in the Field of Artificial Illuminants, G. S. 
Barrows. Transactions, Illuminating Engi- 
neering Society, 4 (1909), pp. 569-582; dis- 
cussion pp. 583-86. 

Carl Auer von Welsbach, F. Lieben. Journal 
of Chemical Education, 35 (1956), pp. 230- 


33. 

The Work of Edward Christopher Wente [in 
Talking Motion Pictures], J. I. Crabtree. 
Journal, Society of Motion Picture Engi- 
neers, 25 (1935), pp. 478-82. 

Obituary: Richard Sigismund Karl Werder- 
mann, 1828-1883. Electrician (London), 11 
(1883), p. 445. 

George Westinghouse. Electrical Journal, 4 
(1907), pp. 680-84. 

Achievements of [George] Westinghouse as 
Factors in Our Modern Life, J. R. Angell. 
Mechanical Engineering, 59 (1937), pp. 
159-62. 

George Westinghouse the Man, P. D. Cravath. 
Mechanical Engineering, 59 (1937), pp. 
156-58. 

About George Westinghouse and the Polyphase 
Electric Current (booklet), A. W. Robert- 
son. Newcomen Society, American Branch, 
Princeton University Press (Princeton), 
(1943), 44 pages. 

George Westinghouse—Individualist, J. K. B. 
Hare. Electrical Engineering, 65 (1946), 
pp. 442-45. 


George Westinghouse—His Contribution to 


Tomorrow, C. A. Scarlott. Westinghouse 
Engineer, 6 (September 1946), pp. 145-48. 
Edward Weston’s Inventions, L. H. Baekeland. 
Journal of Industrial and Engineering 
Chemistry, 7 (1915), pp. 244-48. 

Presentation Address [of Perkin Medal to 
Edward Weston; A Sketch of His Personal 
Life], C. F. Chandler, Journal of Industrial 
and Engineering Chemistry, 7 (1915), pp. 
243-44. 

Edward Weston, A Pioneer in Instrument 
Manufacturing, A. R. Cullimore. Journal 
of Applied Physics, 8 (1937), pp. 55-58. 

Some of Dr. Edward Weston’s Achievements 
in the Field of Electricity, C. Hering. 
Journal of Industrial and Engineering 
Chemistry, 7 (1915), pp. 253-54. 

Address of Acceptance [of the Perkin Medal], 
E. Weston. Journal of Industrial and Engi- 
neering Chemistry, 7 (1915), pp. 249-52. 

Scientific Worthies VII: Sir Charles Wheat- 
stone, Born February 1802, Died October 
1875, P. Volpicelli. Nature (London), 13 
(1875-76), pp. 501-3. 

Obituary: Sir Charles Wheatstone, 1802-1875. 
Proceedings, Royal Society of London (Lon- 
don), 24 (1875-76), pp. xvi-xxvii. 

Sir Charles Wheatstone, discourse delivered by 
. H. Preece. Electrician (London), 4 
(1879-80), pp. 165-66, 179. 

The Telegraphic Achievements of Wheatstone, 
W. H. Preece. Proceedings, Royal Institu- 
tion of Great Britain (London), 9 (1879- 
81), pp. 297-304. 

Charles Wheatstone, R. Appleyard. Electrical 
Communication, 6 (1927-28), pp. 3-12. 
{Short Personal Reminiscences of Sir George 
Sutton on Charles Wheatstone]. Journal, 
Institution of Electrical Engineers (London), 

67 (1928-29), pp. 212-13. 

Portrait of Wheatstone, Journal, Institution 
of Electrical Engineers (London), 69 (1930- 
31), p. 805. 

John B. Whitehead—1941 Edison Medalist, 
F. M. Farmer. Electrical Engineering, 61 
(1942), pp. 135-36. 

A Debt I Owe, J. B. Whitehead. Electrical 
Engineering, 61 (1942), pp. 136-38 

Willis R. hitney—A Moulder of Genius, 
M. Holland. National Electric Light Asso- 
ciation Bulletin, 16 (1929), pp. 79-83. 

Willis Whitney—John Fritz Medalist, D. C. 
Prince. Electrical Engineering, 62 (1943), 
pp. 151-52. 

Willis Rodney Whitney. An Appreciation 
Based on Broderick’s Recent Biography. D. 
C. Jackson. Mechanical Engineering, (1946), 
pp. 705-8. 

W. R. Whitney, the Man and His Contribution 
to Science, A. W. Hull. Science, 128 (1958), 
pp. 581-82. 

Obituary: Edmund Taylor Whittaker, 1873- 
1956, G. Temple. Biographical Memoirs, 
Royal Society of London (London), 2 
(1956), pp. 299-325. 

Sir Edmund Whittaker [1873-1956], A. C. 
a Nature (London), 277 (1956), pp. 
30-31. 

Edmund T. Whittaker, Mathematician and 
Historian fof Electricity], H. Dingle. Science, 
124 (1956), pp. 208-9. 

E. T. Whittaker (Obituary Notice), W. H. 
McCrea. Journal, London Mathematical 
Society (London), 32 (1957), pp. 234-36. 

E. T. Whittaker (Obituary Notice), D. Martin. 
Proceedings, Edinburgh Mathematical So- 
ciety (Edinburgh), 11 (1958), pp. 1-9. 

My Connection with Cybernetics—its Origins 
<1958)" Future, N. Wiener, Cybernetica, 1 
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Letter From Mr. Henry Wilde [regarding his 
work in development of electrical engi- 
neering]. Electrical Engineer, 29 (1899- 
1900), pp. 3-11. 

Correspondence in the Matter of the Society 
of Arts and Henry Wilde, D.Sc., F.R.S., 
on the Award to Him of the Albert Medal, 
1900, and on the Invention of the Dynamo. 
Electric Machine, H. Wilde. Manchester, 
1900, 23 pages. 

Henry Wilde, W. W. Haldane Gee. Memoirs 
and Proceedings of the Manchester Literary 
and Philosophical Society (Manchester), 63 
(memoir V, 1918-19), pp. 1-16. 

Obituary: Henry Wilde. Journal, Institution 
of Electrical Engineers (London), 57 (1918- 
19), pp. 625-26. 


Biographical Byways: 
1919, A. Schuster. 
(1925), pp. 383-85. 

ber John Fritz Medalist [Harry A. Winne], 

H. Lang. Electrical Engineering, 74 
(i955), pp. 204-8. 

The Response of the Medalist, 
Winne. 
p. 208. 

Thomas Young and the Theory of Diffraction, 
A. Rubinowitz. Nature (London), 180 
(1957), pp. 160-62. 

Pieter Zeeman, Lord Rayleigh. Obituary 
Notices, Royal Society of London (London), 
4 (1942-44), pp. 577-90. 


Henry Wilde, 1833- 
Nature (London), 115 


Harry A. 
Electrical Engineering, 74 (1955), 


COLLECTED 


Pioneers in Telegraphy (letter), R. Herring. 
Electrician (London), 3 (1879), p. 248. 

Pioneers in Telegraphy: William Henry 
Hatcher (letter), C. Tomlinson. Electrician 
(London), 3 (1879), p. 233. 

Pioneers in Telegraphy: Early History of the 
Telegraph (letter), J. W. Wilkins. Elec- 
trician (London), 3 (1879), p. 232. 

The American Inventors of the Telegraph; 
With References to the Services of Alfred 
Vail, F. L. Pope. Century Illustrated Maga- 
zine, 35 (1888), pp. 924-44. 

Poincare on Maxwell and Hertz. Nature (Lon- 
don), 50 (1894), pp. 8-11. 

The Centennial of the Discoveries of Oersted, 
Arago, and Ampere, C. E. Magnusson. 
Journal, American Institute of Electrical 
Engineers, 39 (1920), pp. 1031-33. 

Imagination in Engineering [Remarks on 
Prominent Engineers and Physicists], F 
Moffett. Journal, Institution of Electrical 
Engineers (London), 64 (1925-26), pp. 11- 
1 


5. 

Pioneers of Wireless: [Andre Marie] Ampere, 
E. Hawks. Wireless World and Radio Re- 
view (London), 18 (1926), pp. 131-32. 

Pioneers of Wireless: [Dominique Francois] 
Arago, E. Hawks. Wireless World and Radio 
Review (London), 18 (1926), pp. 175-76. 

Pioneers of Wireless: [Alexander Graham 
Bell], E. Hawks. Wireless World and Radio 
Review (London), 18 (1926), pp. 707-8, 
749-50. 

Pioneers of Wireless: [Lee] de Forest Intro- 
duces the Third Electrode, E. Hawks. Wire- 
less World and Radio Review (London), 


19 (1926), pp. 809-10. 
Pioneers of Wireless: A. E. Dolbear_ Nearly 
Forestalls Marconi, E. Hawks. Wireiess 


World and Radio Review (London), 18 
(1926), pp. 821-22. 

Pioneers of Wireless: [Thomas Alva] Edison, 
E. Hawks. Wireless World and Radio Re- 
view (London), 19, pp. 17-18, 747-48. 

Pioneers of Wireless: Michael Faraday, E. 
Hawks. Wireless World and Radio Review 
(London), 18 (1926), pp. 263-64. 

Pioneers of Wireless: {Reginald Aubrey] 
Fessenden, Pioneer of the Wireless Tele- 
phone, E. Hawks. Wireless World and 
Radio Review (London), 19 (1926), pp. 
709-10. , : 

Pioneers of Wireless: J. A. Fleming, Pioneer 
of the Thermionic Value, E. Hawks. Wire- 
less World and Radio Review (London), 
19 (1926), pp. 773-74. ees 

Pioneers of Wireless: Benjamin and_ the 
Leyden Jar, E. Hawks. Wireless World and 


Radio Review (London), 19 (1926), pp. 
199-200. 

Pioneers of Wireless: [Luigi] Galvani and 
[Alessandro] Volta, E. Hawks. Wireless 
World and Radio Review (London), 18 


(1926), pp. 59-60. 
Pioneers in Wireless: William Gilbert, E. 
Hawks. Wireless World and Radio Review 


(London), 18 (1926), pp. 23-24. 

Pioneers of Wireless: Oliver Heaviside, Orig- 
inator of the ‘ Heaviside’’ Layer Theory, 
E. Hawks. Wireless World and Radio Re- 
view (London), 19 (1926), pp. 487-88. 

Pioneers of Wireless: Joseph Henry, E. Hawks. 
Wireless World and Radio Review (London), 
18 (1926), pp. 315-16. 

Pioneers of Wireless: [Heinrich Rudolf] Hertz 
and His Epoch Making Discovery, E. Hawks. 
Wireless World and Radio Review (London), 
19 (1926), pp. 239-40. 

Pioneers of Wireless: [Henry] Highton and 
Other Pioneers, E. Hawks. Wireless World 
and Radio Review (London), 18 (1926), 
pp. 623-24. 

Pioneers of Wireless: David Edward Hughes 
and His Work, E. Hawks. Wireless World 
and Radio Review (London), 19 (1926), 

Johnson, Melhuish and 


Pp. 265-66. 

Pioneers of Wireless: 

Stevenson, E. Hawks. Wireless World and 
Radio Review (London), 18 (1926), pp. 
891-92. 

Pioneers of Wireless: J. B. Lindsay Patents 
First Wireless System, E. Hawks. Wireless 
World and Radio Review (London), 18 
(1926), pp. 499-500. 

Pioneers of Wireless: Sir Oliver Lodge, The 
Pioneer of Tuning, E. Hawks. Wireless 
World and Radio Review (London), 19 
(1926), pp. 551-52. 

Pioneers of Wireless: The Genius of [James] 
Clerk Maxwell, E. Hawks. Wireless World 
and Radio Review (London), 19 (1926), 
pp. 301-2. 

Pioneers of Wireless: [Guglielmo Marconi], 
E. Hawks. Wireless World and Radio Re- 
view (London), 19 (1926), pp. 523-24, 
581-82, 677-79. 

Pioneers of Wireless: Samuel Finley Breese 
Morse, E. Hawks. Wireless World and Radio 
Review (London), 18 (1926), pp. 455-56. 

Pioneers of Wireless: [Hans Christian] Oersted, 
E. Hawks. Wireless World and Radio Re- 
view (London), 18 (1926), pp. 93-94. 

Pioneers of Wireless: [Alexander Stepano- 
witch] Popoff, the Russian Pioneer, E. 
Hawks. Wireless World and Radio Review 
(London), 19 (1926), pp. 431-32. 
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Pioneers of Wireless: [William H. Preece], E 
Hawks. Wireless and Radio Review (Lon- 
don), 19 (1926), pp. 131-32, 167-68. 

Pioneers of Wireless: [Willoughby Smith], E 
Hawks. Wireless World and Radio Review 
(London), 19 (1926), pp. 93-94. 

Pioneers of Wireless: [C. A. Steinheil], E. 
Hawks. Wireless World and Radio Review 
(London), 18 (1926), pp. 421-22. 

Pioneers of Wireless: William Sturgeon, E. 
Hawks. Wireless World and Radio Review 
(London), 18 (1926), pp. 221-22. 

Pioneers of Wireless: [John] Trowbridge Sug- 
gests Transatlantic Wireless, E. Hawks 
Wireless World and Radio Review (Lon- 
don), 18 (1926), pp. 785-86. 

Pioneers of Wireless: [S. Th. von Sommering}, 
E. Hawks. Wireless World and Radio Re- 
view (London), 18 (1926), pp. 343-44. 

Pioneers of Wireless: J. W. Wilkins Proposes 
Wireless Communication With France, E. 
Hawks. Wireless World and Radio Review 
(London), 18 (1926), pp. 559-60. 

The Work of Faraday and Henry Cc. 
Brown. Scientific Monthly, 33 C1e31). pp. 
473-80. 

Scientific Centenaries of 1931. Michael Fara- 
day and James Clerk Maxwell—Experimenter 
and Mathematical Interpreter, G. Windred. 


sean (London), 107 (1931), pp. 152- 


Reminiscences of Physics and Physicists, J. J. 
Thomson. Science, 80 (1934), pp. 169-73. 

Edison Men in Perspective. Electric World, 
105 (1935), pp. 760-61. 

Physics and the Physicists of the Eighteen 
Seventies, A. Fleming. Nature (London), 
143 (1939), pp. 99-102. Proceedings, Physi- 
cal Society of London (London), 51 (1939), 
pp. 285-92. 

Early Electrical Pioneers, G. Windred. Engi- 
neering (London), 149 (1940), pp. 274-75. 

Early Radio Inventions, G. W. O. Howe. 
Wireless Engineer (London), 20 (1948), 
pp. 521-23. 

The Inventor of Radio Telegraphy [Marconi 
and Popov], Wireless Engineer (London), 
25 (1948), pp. 135-37 

Who is the True Inventor?, I. E. Mouromtseff. 
Proceedings, Institute of Radio Engineers, 
38 (1950), pp. 609-11. [Discussion about 
Popov and Marconi.) 

Power Pioneers, P. Jones. Electric Light and 
Power, 29 (1951), nos. 1-5, pp. 89, 91-92; 
90-92; 107-8, 110, 148-49; 105-7, 86-88, 90. 

Pioneers in Electrical Communication, E. 
Perucca and V. Gori. Journal, American 
Society of Naval Engineers, 60 (1956), pp. 
269-78. 


ADDENDUM TO Part I 


The following books have come to my attention since the preparation 
of Part I: Books, of this bibliography. 


Edison and His Competition: A _ Critical 
Study, A. Horschitz and P. Oestreich. (W. 
and G. Foyle, London, 1932) 82 pp. 

Thomas A. Edison: a Modern Olympian, M. 
C. Nerney. (Harrison Smith, Robert Haas, 
New York, N.Y., 1934) 334 pp. 

The Million Dollar Bend. The Autobiography 
of the Benefactor of the Radio Tube and 
Lamp Industry, C. Eisler. (The William 
Frederick Press, N.Y., 1960), 306 pp. 

The Hammer and the Anvil: a Background to 
Michael Faraday, R. Riley. (Dalesman Pub- 
lishing Co., Clapham, Yorkshire, England, 
1954), 40 pp. 

Michael Faraday: A List of his Lectures and 
Published Writings, A. E. Jeffreys. (Pub- 
lished for the Royal Institution, London, 
1961). 


Ralph Davenport Mershon, E. D. Cockins. 
(Ohio State University, Columbus, Ohio, 
1956), vol. I, 175 pp.; vol. IL (essentially 
collected papers), 210 pp. 

Benjamin Franklin and Polly Baker: The 
History of a Literary Deception, M. Hall. 
(University of North Carolina Press, Chapel 
Hill, N.C., 1960) 193 pp. 

S. Z. Mitchell and the Electrical Industry, 
S. A. Mitchell. (Farrar, Straus, Cudahy, 

Y., 1960) 178 pp. 

From Immigrant to Inventor, M. Pupin. 
(Scribner’s, N. Y., 1960). Paperback issue of 
1924 edition, with interesting new introduc- 
tion by F. J. Dyson. 

The Life of John Stone: Mathematician, 
Physicist, Electrical Engineer and Great 
Inventor, G. H. Clark. (Frye and Smith, 
Ltd., San Diego, Calif., 1946) 175 pp. 
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A History of Metals. By Leslie Aitchison. London: Macdonald & 
Evans, 1960. New York: Interscience Publishers, 1960. 2 volumes. 
Pp. xxi, xviii, 647. Illustrations. £8-8-0. $30. 


What fascination lies in the history of metallurgy! Though the utili- 
zation of metals in sophisticated machines appears rather late in man’s 
history, the discovery of the main properties of materials occurred 
almost as early as the social inventiveness that gave rise to cities. Very 
shortly after the cutting properties and easy shapability of bronze had 
been put to use, an incredibly diverse range of metallic behavior had 
been exploited in making things of beauty or simple utility. A detailed 
very real knowledge of metals was quickly assembled, matched only 
by the discoveries in the preceding and perhaps parental art of the 
potter. Neither ceramics nor metallurgy needed philosophy to guide 
them, and both apparently grew from the results of experiments with 
the effect of fire on natural materials in innumerable mixtures. This pre- 
cosity was not followed by continuous growth; indeed, such a large 
fraction of the possible alloys had been discovered by 2500 B.C. that 
over four thousand years were to pass with only one significant 
addition, iron and steel. 

Though man has used greater quantities of other natural and artificial 
materials, metals have always had a particular appeal to him because 
of the combinations of properties obtainable with them—the hardness 
needed for a cutting tool associated with reasonable toughness; malle- 
ability to allow shaping into thin sections combined with strength to 
resist the hazards of service; corrosion resistance accompanied by an 
innate or superficial attractive color. Their obvious differences from 
other materials gave them a special place in philosophical speculations 
on the nature of matter, which passed eventually to the modern physi- 
cist’s concern with the metallic state. 

For all this fascination, there have been very few attempts to deal 
with the entire history of metals in a scholarly way. The book now 
being reviewed is the first good general history of metallurgy in the 
English language. There are some short popular histories and a number 
of excellent specialized works, but for general works there has hitherto 
been only T. A. Rickard’s Man and Metals (1932), more valuable for 
its study of the effects of the availability of metal on the history of 
man than for the technical aspects of metallurgical history. The author 
of this new history of metals is a practical metallurgist distinguished by 
service in both the industrial and academic worlds, and he has brought 
a technical background and an awareness of metallurgical realities to 
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the criticism of the archaeological reports and scholarly writings that 
are the raw material for his history. 

The sources used are almost all secondary ones, and the book conse- 
quently lacks the flavor that can come only from close direct contact 
with artifacts in museums or from an extensive study of the original 
books and papers themselves. In the bibliography containing about 
250 references only 12 are to original sources before 1900, and most of 
these are in English; but the author has selected and used his sources 
well, and the result is excellent. His account is well-balanced between 
the old and the new, between the archaeological, economic, and scien- 
tific aspects of the subject, and is written in exceptionally lucid and 
pleasant English. Metallurgists who may have forgotten the general 
history that they learned in school will find in the book many reminders 
of the important events of history related to the economic and scientific 
aspects of their subject. The educated layman will enjoy the enrich- 
ment of his picture of the past that comes from following a single 
important thread of man’s achievement over a long sweep of time. 
Historians of science can see the interplay between practical knowledge 
and the theory of matter, while historians of technology can take this 
as a pattern for the presentation of their findings to the general public. 
If one can make any criticism it is that the author has leaned over 
backwards to avoid a display of scientific erudition. He has been 
remarkably restrained in not trying to improve on the technical inter- 
pretations of previous writers. This reviewer, at least, would have 
preferred considerably more hard technological detail and, indeed, be- 
lieves that historically-minded technologists have a particularly impor- 
tant role to play just in providing a critical study of the past in the 
light of their knowledge of the real properties of matter and the real 
possibilities of various mechanisms: the relationship to political history 
can, perhaps, better come from more broadly trained historians. 

The first third of the book is concerned with the beginnings of 
metallurgy and the use of the metals in classical antiquity. This is 
perhaps the best section of the book, for the author has critically 
studied the original writings of archaeologists as well as their inter- 
preters. He accepts the view once expressed by Coghlan that the reduc- 
tion of copper ores originated in a potter’s kiln, a view which is 
attractive but which rather disregards the facts that copper was melted 
before high-temperature-fire pottery with colored glazes became com- 
mon, and that it is easier to heat a little metal in the concentrated heat 
of charcoal than a bulky piece of pottery in the flamboyant fire of 
wood. Copper was used in both the cast and the worked condition 
long before bronze became the principal metal for tools. Both in 
Mesopotamia and in the New World arsenic preceded tin as an alloy 
for copper. The author does not point out how the natural occurrence 
of arseniferous copper ores might naturally lead to the observation of 
the superior product obtained by smelting mixed minerals, eventually 
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tin ore. Although there is little enough real evidence, and technical 
plausibility is a dangerous basis for historical argument, the smelting 
of mixed ores seems far more probable than Aitchison’s supposition 
that bronze originated in a cementation process like the later calamine 
brass. Though granting that iron was not superior to bronze for tools 
and weapons until well heat-treated steel became possible, this reviewer 
also finds it hard to accept the statement that iron-making spread 
rapidly because it involved an easier technique than did the earlier 
alloy. The argument depends entirely on the supposed continued use 
of cumbersome kilns for bronze. Surely, when a bellows-driven hearth 
existed it would be used for melting or smelting bronze as well as iron, 
and the non-ferrous metal would be easier to handle. The wide-spread 
availability of its ores is a more probable reason for iron’s supremacy. 

A long chapter, “The Eclipse in the West,” deals with metallurgy 
in Byzantium and in northern Europe; it shows that as far as metal 
working is concerned the Dark Ages were by no means dark. Both 
the Celtic and the Viking contributions are discussed, as well as the 
beginning of Islamic and Chinese metallurgy. 


There follows a good discussion of alchemy, in which the influence 
of Sherwood Taylor is strong. To include under alchemy all “ thinking 
about metals” is, this reviewer thinks, too sweeping, and the influence 
of the alchemists is somewhat over-rated. Aitchison devotes several 
pages to the second-hand ideas of metals of Bartholomeus Anglicus; 
the sixteenth century English translation certainly quotes quaintly, 
but it contains an infinitesimal fraction of the knowledge of metals 
contained in the earlier writings of the practical monk Theophilus, 
who is dismissed in a single paragraph. There is a tendency to confuse 
knowledge of the workability of a process with an understanding of it. 
For example, the ancient smiths could hardly know that “ carburized 
iron became hard when it was quenched in water and that uncarburized 
iron did not.” What they did know was that iron which had been 
treated under proper conditions in contact with charcoal would become 
hard: the fact that it was carburized was very late in being recognized. 
The role of science in the discovery of the Pattinson process is also 
overstated. 

Throughout the work there is an emphasis on political history both 
for orientation and to show the influence of the general currents of 
thought and action in the world. It is natural that this should emphasize 
happenings in the British Isles since it is intended primarily for the 
British reader, though a statement that “for 250 years after 1640 the 
history of metals is mostly British” shows extreme insularity. Many 
of the industrial developments were indeed British, but the science of 
metals was almost exclusively French, Swedish, and German until 
well into the nineteenth century. 


There was a complete change in character in the development of 
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metallurgy after about 1600. Political events no longer affected metals 
as much as they did earlier, but economics became ascendant and, 
eventually, science. The book contains excellent discussions of the 
seventeenth and eighteenth centuries; and it treats very well the filling 
in of the knowledge of the metallic elements around 1800, with elec- 
trolysis giving the new alkali metals and aluminum to “ make up the 
tally.” Although the modern production of tungsten is described, there 
is not a word on the fascinating history of powder metallurgy in ancient 
wrought iron, in platinum, and in making medals before it had such 
a role in the electric light filament. The increase in scale of metallurgical 
operations in the nineteenth century, particularly the steel industry, 
is well described. 

As the knowledge of metals exponentally increases, its history must 
inevitably become increasingly difficult and fragmentary. However, 
Aitchison’s treatment of the last hundred years of reduction metallurgy 
by merely listing processes without any discussion of their dates or 
background is hardly even an attempt at history. He gives, however, 
a good popular discussion of the modern uses of metals. This is illus- 
trated by photographs of an incredibly dull collection of objects in 
titanium and of ugly palladium jewelry which, when compared with 
the beautiful things from the near and far East illustrated in the early 
part of the book, shows how far removed from aesthetics metallurgy 
has become. A consoling thought is that no one will want a plutonium 
bomb just for it beauty as Islamic and Japanese warriors desired a 
sword with a good water or yakiba, or European monarchs commanded 
a beautiful suit of armor for ceremonial occasions. But the develop- 
ment of metallography is on the whole well treated, and the large 
amount of space devoted to Sorby is particularly well assigned. The 
copper-tin constitution diagram, which is given without a word of its 
history, could have been left out and the space better used for a discus- 
sion of the introduction of Gibb’s phase rule to metallurgy by Rooze- 
boom after a wealth of information on structure had been collected 
by French and English metallurgists combining thermal and micro- 
scopic studies. 

As a piece of bookmaking the work is attractive. It is well printed 
and the illustrations generally well selected and reproduced. The two 
volumes are well bound, but they fit their impressive box so tightly 
that it has to be destroyed to get at them. The index is excellent. 
However, the omission of footnotes will seriously limit the value of 
this book as a work of reference, for a reader has no means of finding 
the basis of any particular statement. This is undoubtedly a concession 
to the current belief among publishers that the general reader will be 
scared away by such scholarly appurtenances; but, one may ask, 
is anyone who is not seriously interested in the subject likely to read 
a book of this bulk and price? 
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But these are small blemishes in a work that is really outstanding for 
its completeness and its competence. The book should serve both to 
give metallurgists a feeling for the wonderful complex past of their 
profession and to provide others with a delightfully readable account 
of important facts that must be incorporated into any complete picture 
of the development of civilization. 

Cyrit STANLEY SMITH * 


The Development of Iron and Steel Technology in China. By Joseph 
Needham. London: The Newcomen Society, 1958. Pp. xii, 76. 
Illustrations. 


This book is an expanded version of the Second Biennial Dickinson 
Memorial Lecture delivered to the British Newcomen Society by the 
author in 1956; much of the material in it is included in the fourth 
volume of Science and Civilization in China by the same author. 

As Dr. Needham points out, each great civilization owes much to 
the others; no one civilization, even in the days when communications 
and travel were very difficult, could be in the lead all the time. 

Dr. Needham begins his treatise by showing that within a relatively 
short time after the Chinese learned of iron, they knew how to melt 
and cast it. There is some evidence that metallic iron has been known 
in China since the sixth century B. C.; cast iron appears from the fourth 
century B.C. onwards at latest, used for agricultural implements, 
moulds for tools and implements, and weapons of war. 

The factors which Dr. Needham believes to have facilitated this 
early development of cast iron are: (1) the presence in certain regions 
of iron ores high in phosphorus, or minerals containing it which could 
be added to the charge; (2) the availability (and discovery) of good 
refractory clays, whether for blast-furnace or crucible processes; (3) 
the use of coal, at least from the fourth century A.D., perhaps long 
before, permitting high temperatures in the large piles surrounding the 
crucibles, and which at the same time would exclude sulphur; (4) the 
invention of the double-acting piston-bellows (perhaps in the fourth 
century B. C., but more probably by the third century A. D.), enabling 
a strong continuous blast to be employed; and (5) the application of 
water-power to metallurgical bellows as early as the first century A. D., 
greatly strengthening the blast and saving labor. 

Between the fifth and seventh centuries A. D., Dr. Needham asserts, 
it was the Chinese, not the Europeans, who could make as much cast 


*Dr. Smith is Professor of Metallurgy at the University of Chicago. His 
interest in the history of the science of metals has resulted in his preparation of 
annotated English translations of some important metallurgical classics and his 
recently published History of Metallography. 
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iron as they wanted and who were accustomed to make steel by ad- 
vanced methods quite unknown to the western world until a much 
later date. The characteristic Chinese steelmaking process was decar- 
burization direct from the cast iron, a method which seems to have 
been fully in use from the second century B.C. By the seventeenth 
century this oxidizing technique had led to procedures in China and 
Japan whereby a mass of molten iron was subjected to cold blast so 
that something like cast steel resulted. Direct migration of Chinese 
workmen skilled in this work immediately preceded the group of inven- 
tions associated with the name of Bessemer. From the fifth century 
onwards, a great deal of steel was made in China by a method which 
we call, inadequately, “co-fusion.” In this technique, wrought and 
cast iron are heated together, the pasty lumps of the former being 
bathed in the a liquid carbon-rich phase. 

The welding of hard and soft steels to make the blades of weapons 
was known and practiced in China at least as early as the third century 
A.D. Since the procedure was also known and widely used among 
European peoples (though with certain differences of detail) from the 
first to the ninth centuries, it seems likely that we must seek for the 
original focus in Central Asia, perhaps in some of the cities of Sinkiang, 
whence it would have spread in both directions from about the second 
century B.C. 

The damascene pattern in the Chinese culture-area derived, however, 
not only from the welding processes just mentioned, but also (although 
to a much lesser extent) from the importation of the hyper-eutectoid 
wootz steel of India, in relatively small amounts, from about the sixth 
century. This trade seems to have taken several routes, e. g., through 
Persia and Kashmir as well as via Malaya and Indonesia. 

Dr. Needham has done a masterly job on his subject; the only criti- 
cism from this reviewer is that sometimes he fails to give the literal 
translations of the titles of his original sources. 

Tien S. CHanc * 


The Archaeology of Weapons: Arms and Armour from Prehistory to 
the Age of Chivalry. By R. Ewart Oakeshott. London: Lutter- 
worth Press, 1960. New York: Frederick A. Praeger, 1960. Pp. 
359. 22 Plates. 179 Figures. $7.50. 


Archaeology seems rather stiff stuff to read about, especially in this 
space age. But the excitements of wars and weapons have often been 


* Dr. Chang is Associate Professor of Engineering Mechanic; at the Virginia 
Polytechnic Institute. One of his fields of interest is the technology of ancient 
China. 
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made lively reading. In his Archaeology of Weapons, R. Ewart Oake- 
shott brings some of these excitements back out of the dark of recorded 
history and sets them in a chronological narrative. The author deals 
with the historical importance of mobility in warfare by the intro- 
duction of the battle-chariot in ancient times, the armored cavalryman’s 
supremacy over the Roman legionnaire, the sea-power of the Vikings, 
the vital rdle of stirrups in early warfare, and the century of dominance 
of the longbow. A much longer review than this would be needed 
even to name all the interesting things contained in this book. 


There are four principal sections, namely, the prehistoric, the heroic 
age, the Vikings, and the age of chivalry. The title, however, is some- 
what misleading, because the subject of swords—their antiquity, their 
history, their uses, and their manufacture—is the core of the book. 
Primitive man discovered that blows with his fist were more effective 
when stabbing with a sharp stone or splintered bone. From such a 
pointed object originated the entire knife or dagger family, weapons 
known throughout history. During the Mycenaean Age (1500-1100 
B.C.) by improvement in metal-working, the short daggers were 
lengthened into swords. The earliest swords were almost invariably 
leaf-shaped, while in later iron, using times the simpler straight edged 
types were dominant. The reason is apparently that the leaf shape 
was a better one for work in bronze than in iron, and the greater weight 
of the blade was less necessary when metal with the hardness of 
wrought steel was used. The first European iron objects date between 
850 and 400 B.C., best known from the burials in Hallstatt in central 
Austria. In this locality iron sword-blades, spear-heads, and arrow 
points appear side by side with bronze armor and arms, showing that 
for a considerable period the armorer used both metals. 

The second part is devoted to the arms of the Migration Period, 
Rome in Decline, and the bog-deposits of Denmark. The map on the 
inside covers of the book shows the great migrations. There was, of 
course, daily intercourse, warlike or peaceful, between Romans, Ro- 
manized barbarians, and more or less barbarous tribes, along the exten- 
sive frontiers of the Roman Empire. The Romans, who obtained iron 
from Spain and from Styria, used iron and steel weapons. The legion- 
aries used a sword with a straight, short, double-edged blade, sufficiently 
thick to prevent bending. Only when steely iron, or steel, which could 
be hardened, was employed, could efficient ferrous weapons be made. 
Under the Frankish empire the manufacture of sword blades was an 
established industry in the partly Romanized districts of the lower 
and middle Rhine, whence came the famous Nydam (Schleswig) 
swords of the fourth century (one of the earliest sword finds of the 
period of the migrations). 

The first centuries of the Scandinavian iron age, until about the 
beginning of Christian chronology, are now usually called the Celtic 
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period of the northern iron age. Swords of this period have long 
narrow thin blades of hammered iron of good quality, but are very 
pliable. This is the type of unsatisfactory sword that the early North- 
men made previous to their contacts with the Rhineland. In an im- 
proved method, the smith made iron and steel in small pieces which 
were welded to make pieces of the needed size. The advantage of 
using small pieces is that the fibres were crossed and interwoven in 
every possible direction, thus greatly increasing its tenacity. Also the 
metals of different hardness gave the blade greater elasticity than a soft 
wrought iron blade. From the ornamental viewpoint, the contrast of 
the welded metals showed an effective pattern which showed promi- 
nently when corroded, as the iron was eaten more readily than the 
steel. The early pattern welded Viking swords are believed to have 
come from two centers, one, the Pyrenean region where the Celti- 
berian iron industry had so long flourished, the other the ancient 
Noricum on the upper Danube, the center of activity in iron working 
that spread to the Rhineland and gave to Solingen and Cologne their 
later fame. The Nydam swords came from the Rhineland center, and 
these are no doubt the real originals of the heroic brands referred to 
in Beowulf and other northern epics. 

The book has so many good features that one hesitates to quibble 
about a few lapses that incidentally would be noticed by a few readers. 
Among the illustrations, which are excellent and weil chosen, at least 
two objects are dated incorrectly. One is the helm from Bozen, in 
the Castel San Angelo at Rome, c. 1300. The reviewer has had an 
opportunity to make a careful examination of this helm and considers 
it to be modern workmanship. It is made of sheet iron; the various 
plates of a fourteenth century helm would have been wrought. Making 
a plate from a bloom required strenuous hammering, during which 
process a biscuit-like mass was first formed, then a pancake, and finally 
a plate. Because of this hammering, the plates would be graduated in 
thickness and not uniform as in sheet iron. It was only in the eighteenth 
century that rolling mills began to supplant the trip hammer. Further- 
more, the Castel helm has a uniform patination, but the edges of the 
plates are bright. The plates were apparently cut by shears in making 
adjustments when assembling the plates. 

The author was not familiar with every object that he illustrates. 
For example, the location of two remarkable objects that are in the 
Metropolitan Museum of Art is not indicated. These are the spurs of 
Louis II, Duc de Bourbon (1356-1410), shown on plate 13, and the 
extraordinary helmet (armet-a-rondelle) which is signed with the name 
of the armorer Lionardo who made it about 1440. 

Mr. Oakeshott knows all there is to know about medieval swords 
and, as he is an active collector, he is able to fill gaps that book learning 
cannot fill. His contribution to the classification of the medieval sword 








174 Book Reviews 


is especially valuable. It has long been recognized that the most im- 
portant characteristic of all art, apart from the genius of the individual 
artist, is its continuity. Everybody likes neatness of explanation; hence 
it is important that we should know as accurately as possible the order 
in which the types originated. Mr. Oakeshott is particularly good in 
describing and illustrating the types of blades, including cross sections, 
also hilts, pommels, and guards. 

Despite the role that the sword has played in the history of civiliza- 
tion and in the development of technology, there has not yet been 
published a book that deals comprehensively with the story of the 
sword during the centuries. For the present, Mr. Oakeshott’s book 
should be recognized as the standard work on the subject. 


STEPHEN V. GRANCSAY * 


The Persecution of the Huguenots and French Economic Development, 
1680-1720. By Warren Candler Scoville. Berkeley and Los 
Angeles: University of California Press, 1960. Pp. x, 497. $6.50. 


After a religious truce that had endured almost a century, Louis XIV 
in the middle of his reign began to bring pressure on the Huguenots 
(French Calvinist Protestants) with a view to forcing them into the 
Catholic Church. This movement culminated in the Revocation of the 
Edict of Nantes in 1685, which ended even qualified religious toleration 
and inaugurated a period of thoroughgoing persecution of the Protes- 
tants. The question Professor Scoville has set himself to answer in 
this book is whether this persecution was the principal factor in the 
economic decline of France from 1680 to 1720. In a sense, of course, 
the question cannot be answered because of the absence of adequate 
statistics. In quite another sense, it is unanswerable, since it is specu- 
lation about the might-have-beens of history. The query might indeed 
be reworded thus, “If there had been no persecution, would the four 
decades in question have been ones of economic progress rather than 
of stagnation and retrogression?”” This would be like asking what 
would have happened in English history if Mary Tudor had had a 
healthy son, or in American twentieth century history if there had 
been no Federal Reserve System. 

Professor Scoville is well aware of the difficulties inherent in the task 
he has set himself and he approaches it with thoughtful care, with 
humility, and with sophistication. He insists, for example, that his 
conclusions are not “ proved” and that they depend not merely on an 
honest appraisal of the material collected but also on intuition and 


* Mr. Grancsay is Curator of Arms and Armor at the Metropolitan Museum 
of Art. 
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judgment. Within the limits of the possible he has done well. He has 
been over a vast quantity of printed and manuscript sources. He has 
threaded his way calmly through centuries of controversy embittered 
by religious hatred. He has played fair with his readers at every turn 
by laying before them the evidence on difficult points. 

From a wildly varying assortment of historic and current estimates, 
the author has selected the figure of about 20,000,000 as the total popu- 
lation of France at the end of the seventeenth century, 1,500,000 to 
2,000,000 as the number of Huguenots in France in 1685, and 200,000 
as the number of those who emigrated as a result of the Revocation. 
He indicates that as a “ penalized minority ” in France the Protestants 
had an importance in economic and professional life out of all propor- 
tion to their numbers. He establishes the facts about the persecution, 
the emigration, and the economic retrogression of France after 1685, 
and then proceeds to examine the evidence as to what happened in 
industry, trade, shipping, finance, and agriculture. Of particular interest 
to him is the problem of how far France was injured by the fact that 
Huguenot émigrés carried with them—to England, Ireland, the Nether- 
lands, Switzerland, and Germany—business know-how, capital, and the 
technical skills needed for the production of cloth, silk, linen, hats, 
paper, glass, metals, etc. 

Professor Scoville proceeds to analyze other factors which may have 
accounted for the economic stagnation in France during the period in 
question—war, inefficient government, poor management of money, 
credit and taxation, famines, depopulation, and an overregulated econ- 
omy. One point he makes persuasively, and I think correctly, is that 
after Colbert had created his system and made it work fairly well by 
tough administration at the top and the selection of efficient subord- 
inates, his successors maintained the system superficially but not effec- 
tively and let it harden into traditional routines. 

The author’s final conclusion is that while the persecution of the 
Huguenots undoubtedly hurt the French economy (as well as being a 
moral and ethical blot on the reign of Louis XIV), it was not the 
primary cause of the decline of France. He does not attempt to arrange 
the various factors in a hierarchy of importance. But on the evidence 
he presents it seems eminently clear that the two major wars (League 
of Augsburg, Spanish Succession) were of predominant significance in 
destroying the prosperity that had been created under the ministry of 
Colbert. If further argument were necessary, one need only point to 
the rapid renewal of economic vitality and progress in France in the 
decades of relative peace after 1715. 

When an author has succeeded so admirably in a difficult task it 
May seem captious to raise any queries. But there are a few points 
where his stress seems to me to be questionable. Despite the attention 
he has paid the subject, I think he underestimates the importance of 
technical know-how, trade secrets, and manufacturing skills in the 
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seventeenth century. In a day of slow communication they were more 
than the equivalent of patented processes today. Similarly, I feel that 
he has not sufficiently emphasized the effects of the persecution of the 
Huguenots on public opinion in the Protestant countries of Europe. 
A case could be made, for example, that it was an important factor in 
bringing on the Revolution of 1689 in England, which in turn was, in 
the long run, a misfortune, if not a disaster, for France. In analyzing 
the reasons for the persecution, I believe that there is not enough stress 
on the tremendous revival of religious devotion among the Catholics 
in France in the seventeenth century—a revival associated with such 
names as that of St. Vincent de Paul. Occasionally, too, Professor 
Scoville seems so fall into the nineteenth century error (so unfor- 
tunately perpetuated by E. F. Heckscher) of regarding the regulations 
of Colbert as more restrictive and constricting than they actually were. 

As minor notes, I would think that the author’s guess that only 2,000 
to 3,000 “sailors and captains” left France because of religion was 
insufficiently established to use it as a basis for further reasoning. The 
“rents” of the Hotel de Ville were more like national bonds than like 
“ municipal bonds.” There is a good deal of repetition throughout the 
work, but the plan of the book made some of it inevitable. 

Taken as a whole, this volume seems to me, in a real sense, definitive. 
The author has selected an important problem which has been, for 
almost three centuries, discussed with the partisan ardor of religious 
zeal or of political bias. He has examined not all the possible evidence, 
but most of what is available. He has evaluated it fairly and carefully 
and has reached conclusions that it would be most difficult to contro- 
vert. In my judgment, this field will not have to be plowed again. 


CuarLes W. Cote * 


Die Entwicklung der Drehbank bis zum Jahre 1939. By Karl Wittmann. 
Dusseldorf: VDI-Verlag, 1960. Pp. 211. 217 Illustrations. 7 
Tables. DM 28. 


Readers seeking a very detailed account of the purely technical 
development of the lathe from 1850 to 1939 will find a wealth of 
material in the last 150 pages of Dr. Wittmann’s book. These sections 
are based on a detailed study of the relevant patents, contemporary 


* An outstanding economic historian, Dr. Cole has written several authoritative 
volumes on French mercantilism, as well as general European history and eco- 
nomic history texts. After serving for fourteen years as the president of Amherst 
College, he resigned in 1960 and became vice-president of the Rockefeller 
Foundation. 
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textbooks, exhibition descriptions, and company publications. He sees 
the development of the lathe in the second half of the nineteenth cen- 
tury as dominated by American and German efforts to reduce the 
work time (1) by high cutting rates and the use of multiple cutting 
tools and automatic operation and (2) by greatly improving the con- 
venience of operation of this basic machine tool. In order to show the 
exact technical means of achieving these goals Dr. Wittmann takes up 
not only the overall design of the lathe, but the details of spindle drive 
and bearings, feed drive, the lathe bed, as well as some of the special 
types of lathes developed to meet certain industrial demands. American 
machine tool builders will feel fairly well treated in his account, even 
if in his preoccupation with the detailed features of the lathe he unfor- 
tunately overlooks some important innovations in the lathe as a whole, 
such as the Bullard vertical lathe. His account of the beginnings of 
interchangeable manufacture could better have been omitted, for it 
adds nothing of value either to the book or to our knowledge of this 
important development. Although Wittmann does summarize the tech- 
nical developments of the lathe, there is little analysis of them or of 
their interaction with other machine tools, or the methods of machine 
or mass production. 


Wittmann’s last section, on the development of the lathe in the 
twentieth century, is much better. On ground more familiar to an 
engineer he gives an excellent account of the effect on the lathe of 
high speed tool steel and of electric drive. One would like to see more 
discussion of specialized lathes for the automobile industry and some 
indication of the development of features to permit higher production 
rates with less skill required of the operator. Nevertheless, a future 
historian who will show us the interaction of the lathe and industrial 
production will find much valuable source material in Dr. Wittmann’s 
account. 

The earlier sections of the book are far less satisfactory. The chapter 
on the development of the lathe up to Maudslay is worthless. Witt- 
mann merely repeats the loose speculations and the inaccuracies and 
errors of Holtzapffel, Bliimner, and Feldhaus without adequate analysis 
of their material or examination of the original sources to which even 
they refer. In his first edition Wittmann could be excused for not 
including the studies on the origins of the lathe by Adolf Rieth, Heinz 
Johannes, and even those of H. T. Horwitz, which appeared in archaeo- 
logical journals at about the same time, but after twenty years can we 
not expect them to be at least mentioned, so that an unwary reader 
will not be lead astray? Wittmann also fails to provide us with any 
real analysis of the development of the principal features of the lathe 
to 1800, much less to recognize the important contributions made by 
the French clockmakers, or those indicated in Plumier, or in the various 
French encyclopedias. 
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In his treatment of the Classical Period of Machine Tools, Wittmann 
does not even mention the lathes of Vaucanson and Senot in the Con- 
servatoire National des Arts et Métiers, much less to note their im- 
portance. Nor is there to be found any real understanding of exactly 
what Maudslay’s contributions were, or of why they appeared in 
England rather than on the Continent where all the earlier advances 
had been made. His accounts of the work of Roberts, Bodmer, and 
Whitworth are confused and lack any analysis of the significance of 
their work. 

In short, Wittmann’s book suffers from the defects common to the 
work of engineers familiar with the technical details but untrained in 
the methods of historical scholarship and analysis. 

The book is well and very profusely illustrated and includes some 
very useful tables and diagrams. 

In 1941 when this book first appeared as a doctoral dissertation it 
was one of the very few serious studies of the development of a machine 
tool, and much could be excused on that account. Now merely re- 
printed with a slight change in the title, some rearrangement of a few 
pages, but with an identical text, it only makes more generally available 
a study which could easily have been much improved in an edition 
revised over the nearly twenty years since its first publication. 


Rosert S. Woopsury * 


Die Entwicklung des Hochdruckdampfes in Deutschland (The De- 
velopment of High Pressure Steam in Germany). By Ernst-Otto 
Jochmann. Diisseldorf: VDI-Verlag, 1958. Pp. 164, paper bound. 
Illustrations and bibliography. 


From the time of the first Edison central stations for electric power 
generation in the 1880’s to the present, most of the technology under- 
lying the public utility industry has been freely available on an inter- 
national scale. One reason for this is the general acceptance of the 
principle that operating companies should have the equivalent of a 
monopoly for their distribution facilities within a given geographical 
area. Along with avoiding the economic waste of duplicate installa- 
tions, this type of organizational structure naturally leads to mutual 
interchange of technical and financial information. Many of the lead- 
ing manufacturers of power plant equipment join in this sharing 
through meetings of engineering societies and trade associations. In 


* Prof. Woodbury, of the Massachusetts Institute of Technology, has written 
long monographs on the histories of the milling, gear-cutting, and grinding 
machines. 
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so many words, there are relatively few trade secrets in conventional 
steam power generation. 

With this background in mind it might appear somewhat anomalous 
to come upon this German book which amounts to a nationalistic 
history of technical development for the period from 1885 to 1938. 
Yet such is not the case, for during the period between World Wars I 
and II when American engineers were busily engaged in meeting the 
demands of a rapidly expanding public utility industry, German engi- 
neers devoted proportionately more of their efforts to the development 
and improvement of techniques for generating high pressure steam. 
The productive results of these advances have now come back across 
the Atlantic and are exemplified by three types of forced circulation 
boilers which in the last decade have been installed in central stations 
having not only the largest power generating units but also those 
operating at the most advanced steam conditions of the supercritical 
pressure cycle. 

To many members of the Society for the History of Technology 
it may come as a surprise to learn that this small volume is one of a 
series of German publications that Verein Deutscher Ingenieure has 
published on the history of technology, starting as far back as 1909. It 
is also revealing to read the lament of the author, as expressed in the 
foreword, who observes that most engineers not only do not know the 
history of their specialty but also demonstrate little interest in it, and 
this at a time when technology is a growing branch of world culture. 
Dr. Jochmann believes that the history of technology, in addition to 
serving as cultural background, can be a forerunner of technical ad- 
vancement and progress through an understanding of past developments. 

Because of the small amount of published literature on the history 
of high pressure steam, the author based much of the book on personal 
talks and extended correspondence with some of the leading engineers 
concerned with the development. This adds authenticity to the work 
and cannot be duplicated because of the deaths of some of the principals. 

The main sections of the book take up the incentives for the develop- 
ment of high pressure steam, the special types of boilers and turbines 
developed to generate and utilize this fluid, applications to railroad and 
marine service, and biographies of some of the important contributors 
to the high pressure field. There are also a chronological list of develop- 
ments and a bibliography of German technical papers. 

Much remains to be written on this subject by enterprising future 
historians of technology. There are the intriguing stories of Mark 
Benson, a native of Czechoslovakia who came to this country and then 
went to Germany in the interests of developing a boiler type bearing 
his name, and Walter D. La Mont, an American marine engineer whose 
development efforts were initially unsuccessful in this country and 
whose boiler subsequently found successful adaptation in Germany and 
England. The early work in the 1920’s in Germany by these two men 
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is well documented in this book, but this is by no means the complete 
account. 

Written as it is in German, this book is likely to be of interest to two 
groups of readers: scholars who are concerned with German efforts 
in the field of the history of technology and engineers in the steam 
power industry wishing to learn of major European contributions to 
the development of high pressure steam. It is regrettable that this is 
probably such a small audience that translation of this interesting work 
appears highly unlikely. 

GLENN R. FryYLING * 


Precision Valley: The Machine Tool Companies of Springfield, Ver- 
mont. By Wayne G. Broehl, Jr. Englewood Cliffs, N. J.: Prentice- 
Hall, 1959. Pp. 274. $5.95. 26 Illustrations. 54 Tables. 


A historical study of the machine tool industry has for too long been 
lacking. This industry has had a number of peculiarities not found in 
many others. Small in dollar volume and in number of employees, it 
has been, nonetheless, as crucial to our economy in both war and peace 
as the giants of steel, coal, or power. Such important industries as the 
automobile and aircraft manufacturers have been completely dependent 
upon machine tools and have important interactions with them—such 
as in the use of highly specialized and very expensive machine tools. 
The machine tool industry has been within itself peculiarly dependent 
upon technical innovation, yet has not been sufficiently large to afford 
basic research, nor sufficiently staffed with management which recog- 
nized the need of such research on its problems and possibilities. Yet 
because of the dependence of so much of our industry upon the 
capabilities of machine cools, our whole industrial growth is strongly 
conditioned by technological innovation in this relatively minor in- 
dustry. 

The machine tool industry has problems peculiar to itself, other than 
that of limited capacity for research and dependence upon individual 
inventors. It employs an unusually large percentage of highly skilled 
labor of types becoming increasingly difficult to find and train. Because 
the product of this industry is to its customers a capital investment 
rather than a raw material, problems of obsolescence are critical, and 
a depression is felt earlier and longer than in nearly any other industry. 
The result is “ feast or famine.” The capacity of the industry is usually 
in excess of peacetime replacement requirements, and necessarily so. 
Balance is only possible because an expanding economy can offset the 


* Mr. Fryling, editor of Combustion Engineering, has been engaged in editorial 
assignments in the steam power field for more than a decade. 
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problems created by the enormous demands for machine tools in 
wartime and the glut which arrives at once with peace. 

One finds it difficult then to understand the lack of studies of this 
industry and especially of how it came to be what it is. We have had 
in recent years some excellent studies of a number of industries pri- 
marily technological in character, albeit somewhat weak on the actual 
machinery and its innovation. But none has considered at all the 
machine tools by which these other machines have been made. The 
machine tool is the only fertile machine—it alone can make others like 
itself. 

Professor Broehl, of the Amos Tuck School of Business Administra- 
tion at Dartmouth College, does us therefore the great service of pro- 
viding the first scholarly business history we have of the machine tool 
industry. He has chosen a single center—Springfield, Vermont. In this 
remote city grew up three of the important machine tool manufacturers 
—Jones & Lamson Machine Company, Fellows Gear Shaper Company, 
and Bryant Chucking Grinder Company. He was fortunate in having 
full cooperation and support of his work by all three companies, which 
also gave him access to all records and to men in both management 
and labor who carried much of the history in their memories. He has 
been able to interweave the story of these companies with the lives of 
Springfield, Vermont, and of the small group of men who worked 
together in all three companies—James Hartness, E. R. Fellows, W. L. 
Bryant, and Ralph Flanders. In addition Professor Broehl shows in 
detail the impact on these firms and their community of the great events 
in the outside world—World War I, the Great Depression, and World 
War II. On the rather limited canvas he has chosen to paint his picture, 
Professor Broehl has given us cause to be most grateful to him. 

But one is at once led to wonder if the choice of so small a canvas 
was wise and if some important colors are not missing from his palette. 
We are not justified in blaming the artist in miniatures if he does not 
attempt a Sistine Chapel, but we usually expect that he will show us 
his principal subject against some kind of background. The machine 
tool industry in Springfield, Vermont, did not suddenly come into 
being full-blown. Were there no antecedent companies elsewhere, and 
how did they influence the methods, men, and machines which arose 
in Vermont? In any case, what about the Cone Automatic Machine 
Company of Windsor, in many ways a part of the Vermont group and 
its peculiar problems? 

We are led to suppose that there were no other contemporary 
machine tool manufacturers, even in the highly specialized lines of the 
Vermont group. But Warner & Swasey and National Acme, in Cleve- 
land, were making turret lathes; the Landis companies in Waynesboro, 
Pennsylvania, were making automatic grinding machines, as were 
Brown and Sharpe, Cincinnati Milling Machine, and the Norton Com- 
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pany in Worcester. Gear cutting machines were being made by Bil- 
gram in Philadelphia, by Gleason in Rochester, and by Brown and 
Sharpe. We do not ask that Professor Broehl include all turret lathe, 
grinder, and gear-cutting manufacturers, but one is surprised to find 
that the Springfield group apparently had no competitors at all! None 
of these firms is even mentioned in his book; only Pratt and Whitney 
is referred to in passing. 

These firms had competitors, and very serious competitors. So much 
so in volume, quality, and reputation that one is led to wonder how 
the Springfield group ever overcame the natural disadvantages of their 
location as compared to Providence, Hartford, Cleveland, or Cincinnati. 
Because Professor Broehl gives only passing attention, either in the text 
or in the illustrations, to the technical innovations upon which the 
Springfield machine tool industry was based, he does not give us an 
answer to this important question. Hartness, Fellows, Flanders, and 
Bryant are presented only as able businessmen, who had some sort of 
bright mechanical ideas. In fact, all were technical geniuses of the first 
order, who rather surprisingly turned out to be successful in business 
innovation and administration. If the author shares the usual fear of 
the economist or the historian for dealing with technical devices, could 
we not at least have had a picture or a diagram of a flatbed turret lathe, 
a Fellows gear shaper, and a Bryant chucking grinder so that we might 
at least have some idea of what these companies actually made? 

Another cojor surprisingly lacking in the palette of this business 
historian is—customers. Who bought these machine tools, and what did 
they use them for? And why did they use Springfield models rather 
than others? 

Let us, however, hope that Professor Broehi’s work will inspire some 
scholar to take the next step and write a history of Brown and Sharpe 
at Providence, Rhode Island. This company has excellent and complete 
records, is one of the earliest American machine tool companies, has 
throughout its history been a leader economically and technically in 
the machine tool industry, served as a training school for many of the 
men who were the business and technical geniuses of other machine 
tool companies, and has been in many ways far more representative 
of the machine tool manufacturers of the United States than the Spring- 
field group. 


Rosert S. Woopsury * 


* Mr. Woodbury is Associate Professor of the History of Technology at the 
Massachusetts Institute of Technology and the author of several long monographs 
on the history of machine tools. 
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Readings in the History of American Agriculture. Edited by Wayne 
D. Rasmussen. Urbana: University of Illinois Press, 1960. Pp. xi, 
340. Illustrations. $6.50. 


This is the first attempt, as far as 1 know, to provide a source-book 
of basic documents in the history of American agriculture, and as such 
it is very welcome. To say that it is not wholly successful is simply 
to recognize that source-books in general, like all other anthologies, are 
seldom able to fill all needs or to satisfy all students of their respective 
subjects. 

Mr. Rasmussen, the secretary-treasurer of the Agricultural History 
Society, has assembled fifty-two passages, ranging from two paragraphs 
from Bradford’s History of Plymouth Plantation to six and a half pages 
from Boyd Orr’s Proposals for a World Food Board, and has intro- 
duced each of them with a knowledgeable and interesting note sketch- 
ing its background and pointing up its significance. For the serious 
scholar, he offers little that is not already familiar and easily available 
in the complete versions. The historian of technology will find, for 
example, the well-known letter in which Eli Whitney tells his father 
how he has invented the cotton gin, but nothing about many other 
matters of equal importance on which the documents are less easy 
to come by. 

Nevertheless, college students taking introductory courses in the his- 
tory of American agriculture may be grateful to find in one volume 
much useful background material on specific points. They can make 
the acquaintance in these pages of many men whose work they ought 
to know. They should also appreciate the “Chronology” in which 
Mr. Rasmussen has listed, with their dates, noteworthy events in the 
long and complex story. They should be warned, however, that they 
still have plenty of library work to do. 

What determines the long-range value of a source-book is the prin- 
ciple that has governed the selection of the documents. Unfortunately, 
this is the present book’s weakness. The editor’s objective, though it 
is not followed consistently, seems to be to give “the first public 
announcements of a number of specific events that led to important 
changes in American agriculture.” One may question whether such 
“ first announcements ” taken together really constitute the basic docu- 
ments one needs for forming some conception of the scope and diversity 
of our agricultural history. The first public announcement of the event 
that led to the plantation system, for example, would presumably be an 
account of the sale of the first shipload of slaves in Virginia. This is 
not given, but even if it were, would it have been particularly useful? 
What seems a far graver omission is that slavery, and the agricultural 
system determined by it, which was characteristic of a large segment 
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of American agriculture for over two hundred years, is not mentioned 
anywhere in this book. 

There are other surprising omissions. Mr. Rasmussen gives some 
attention, quite rightly, to the role of periodical literature and to influ- 
ential writers on agriculture, yet the name of Orange Judd does not 
appear in his book. Even more startling is the omission of any reference 
whatever to Jared Eliot. Without quibbling whether Eliot’s more-or- 
less annual essays are to be considered the “ first ” periodical publication 
on agriculture in America, it should certainly be remarked that for the 
quality of the writing, the intrinsic worth of the material, and the 
extent of their influence, they are more significant than David Wiley’s 
Agricultural Museum, which they antedated, incidentally, by some sixty 
years. 

At times the compiler seems to recognize tacitly that his principle 
of selection does not permit him to use the sources he really wishes to 
include. “ The idea for a nationwide system of agricultural experiment 
stations was expressed in 1845 by John Pitkin Norton,” he writes, and 
goes on to show how this led to the establishment of the first state- 
supported station (in Connecticut), which in turn led to similar estab- 
lishments in other states and to the growth of widespread activity on 
behalf of Norton’s original suggestion, finally culminating in the passage 
of the Hatch Act in 1887. But the excerpt chosen to illustrate all this 
is not from Norton’s article of 1845 nor from the Act itself, but from 
the report of a convention held in Chicago in 1871 which passed a 
resolution asking that Congress look into the matter. 


A happier result of this occasional departure from plan occurs when 
Mr. Rasmussen selects, from the mass of proposals for a federal Depart- 
ment of Agriculture that were made repeatedly from 1776 to 1862, 
Commissioner Ellsworth’s annual report from the Patent Office for 
1837, with its delightful picture of his desks and workspaces over- 
flowing with all sorts of possibly valuable seeds and plants, brought in 
and dumped in his lap by a host of budding inventors and improvers, 
and his earnest request to Congress to please find some other place to 
put them. 


Mr. Rasmussen has given us other good things: Theodore Smith 
sturdily proclaiming, “No ticks, no Texas fever”; Edmund Ruffin 
complaining of chemists that “their almost total neglect of the chem- 
istry of agriculture leaves no ground to expect a change, until farmers 
themselves point out the abundant harvest of discovery”; Elkanah 
Watson protesting, “I stood alone, the butt of ridicule” in the effort 
to popularize the county fair (when as a matter of fact he got the 
co-operation of Berkshire farmers and townspeople quite easily, and 
along with it their gratitude); W. A. Orton modestly reporting his 
great work on breeding disease-resistant plants; Henry Wallace shaking 
his head over “ the poorest looking seed corn that was ever planted in 
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Iowa” while clinging to his faith that “the corn yield could be in- 
creased by at least 100,000,000 bushels annually.” Semese like these 
make interesting reading, whether familiar or not. 

It is too bad that Mr. Rasmussen’s emphasis on “firsts” and on 
“ changes ” tends to produce an imbalance in a source-book ostensibly 
concerned with the whole history of American agriculture. But al- 
though the first two hundred years of that history are sketchily traced, 
the documents since 1860 are on the whole more pertinent and more 
indicative of the overall patterns of our agricultural development. In 
the same way, it is fair to say that although the omissions, and some 
of the inclusions, are hard to justify, there are still pieces here one is 
glad of the opportunity to re-read. 

Rosert Brittain * 


The Farmer’s Age: Agriculture, 1815-1860 (Volume III of The Eco- 
nomic History of the United States). By Paul W. Gates. New 
York: Holt, Rinehart and Winston, 1960. Pp. 460. $6.00. 


The period from 1815 to 1860 was the last in which farmers had 
the opportunity to exercise a dominant influence upon American 
political life. After that time, farming no longer employed a majority 
of our workers. While in 1860 everything appeared to be going the 
farmer’s way, in reality new economic forces were developing within 
the nation that were to become dominant within a short time. 

In reaching the conclusion just presented, Professor Gates discusses 
every major aspect of agriculture from 1815 to 1860. He sets the scene 
by picturing farming as it existed in the South and North in 1815, and 
traces land policies to 1860. The author then discusses developments 
by commodities in a series of seven chapters. Separate chapters on 
prairie farming, labor and farm machinery, new species, governmental 
activities, agricultural journalism, education, farming in the Far West, 
and economic problems round out the book. The bibliographical essay, 
divided by major subjects, is comprehensive. 


The Board of Editors for The Economic History of the United 
States chose an outstanding agricultural historian to prepare the present 
volume when they assigned the task to Paul W. Gates. Professor Gates 
is one of the most widely quoted authorities on the history of land 
policies in the United States. He has written extensively on this and 


* Dr. Brittain, a former university teacher of English literature, has been in- 
creasingly concerned with the history of water- and land-use. His books include 
Let There Be Bread and Rivers, Man, and Myths, the latter being the first volume 
of a history of man’s use of rivers which he is engaged in completing. 
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other aspects of agricultural history, and some of his graduate students 
have already built reputations in the field. 

Unlike many volumes surveying a specific subject for a definite 
period, this volume is more than a summary and rearrangement of 
available monographic material. In discussing land policy, which re- 
ceives considerable emphasis, the author not only draws upon his own 
and other published studies, but he presents, for the first time, the 
results of original research on the period in question. This is true of 
many topics throughout the volume. 

The reader who is primarily interested in technological developments 
and their effects upon farming and farm life will find much of interest 
in the chapters on particular agricultural commodities. For example, 
the chapter on dairy farming contains material on milk standards, the 
effect of improved transportation, and changes in making butter and 
cheese. The chapters on journalism and education discuss some of the 
problems in persuading farmers to adopt more advanced technology. 
In the chapter given to labor and farm machinery, Professor Gates 
draws upon accounts from farm periodicals and other sources, as well 
as from the few available monographs, to summarize overall develop- 
ments with respect to machinery. 

The references on technology and farm machinery make obvious 
the lack of a comprehensive account of the development of machinery 
and agricultural technology in the United States. In only two major 
areas, steam power, covered by Reynold M. Wik (Steam Power on the 
American Farm (Philadelphia, 1953]), and refrigeration, covered by 
Oscar E. Anderson, Jr. (Refrigeration in America [Princeton, 1953]), 
are definitive accounts available. Important bits have been published as 
articles by Anderson, Cathey, Danhof, Hayter, and others, but we do 
not have anything comparable to G. E. Fussell’s English account, The 
Farmer’s Tools, 1500-1900 (London, 1952). Agricultural historians had 
looked forward to Herbert Kellar’s projected study, but his untimely 
death came before he was able to complete his work. Professor Gates’ 
volume adds to our knowledge in this area, but much more remains 
to be done. 

The present volume takes its place with Fred A. Shannan’s The 
Farmer’s Last Frontier: Agriculture, 1860-1897, Volume V of the 
Economic History of the United States (New York, 1945), as a major 
contribution to the agricultural history of the United States. Together, 
the two volumes give us an account of one of the most important 
aspects of the American economy from the War of 1812 to the Spanish- 
American War. The period before 1812 is covered by Percy Wells 
Bidwell and John I. Falconer, History of Agriculture in the Northern 
United States, 1620-1860 (Washington, 1925), and Lewis Cecil Gray, 
History of Agriculture in the Southern United States to 1860 (2 vols., 
Washington, 1933). Other specialized accounts add to the picture. 
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With such works as these available as a basis, it may be hoped that 
more comprehensive studies of agricultural machinery and technology 
will be undertaken, and that one of the projected one-volume histories 
of American agriculture will appear. 

Wayne D. RasMussEN * 


God Speed the Plow: The Coming of Steam Cultivation to England. 
By Clark C. Spence. Urbana: University of Illinois Press, 1960. 
Pp. 183. Illustrations. $4.75. 


Technologically, the nineteenth century was the age of steam power. 
Factory whistles announced this dynamic force in industry, while rail- 
road locomotives and steamboats moved over the avenues of commerce. 
But steam engines were not limited to factories, railroads, and ships at 
sea; they appeared on farms as well. Clark Spence, profiting by his 
boyhood observations of steam traction engines on Idaho farms, has 
ably presented one phase of the saga of steam—the use of steam for 
plowing in Great Britain. The results in God Speed the Plow merited 
the Book Award for 1960 offered by the Agricultural History Society. 

The development of steam power in rural England is an important 
segment of agricultural and industrial history because this energy be- 
came the first successful prime mover to be used for multiple farm 
purposes. Thus mechanical power supplemented animal and manual 
labor to ease the back-breaking farm work. 

Cognizant that plowing has always been the greatest single item of 
power consumption in agriculture, the author wisely stuck to this 
theme and rejected the temptation to describe the use of steam engines 
for threshing grain, driving sugar-cane mills, and hauling freight on 
the highways. 

One of the most admirable features of the book lies in the author’s 
ability to transform mechanical complexities into a pattern of organiza- 
tion. The first section treats the experimental phase from 1800 to 
1832 when inventive minds conjured up all sorts of mechanical wizardy 
ranging from the plausible to the nondescript, the fantastic, and the 
bizarre. At least these pioneering efforts demonstrated the kind of 
plowing engines which would not work. Next came the partial failures, 
the self-propelled monstrosities capable of moving across fields drawing 
a set of plows or tillage equipment constructed to dig, chop, or cultivate 
the soil. Finally in the 1850’s John Fowler produced the first practical 
cable-drawn system of steam plowing. These engines remained sta- 


* Wayne D. Rasmussen is an Agricultural Historian in the U.S. Department 
of Agriculture. He is Secretary-Treasurer of the Agricultural History Society 
and editor of the recently-published volume, Readings in the History of American 
Agriculture. 
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tionary while pulling a gang plow across the terrain by means of a 
cable and set of pulleys. By 1900 cable plowing machinery manu- 
factured by Fowler, Howard, and Aveling and Porter had reached 
farmers in Africa, Australia, America, and various European countries. 

Fortunately, the directors of the University of Illinois Press realized 
the importance of good illustrations to portray technological innova- 
tions. Seventy-five well chosen photographic reproductions illuminate 
the text. Here the reader can see such machines as Boydell’s elephant 
foot engine, Cousin’s Archimedian screw type machine, Lord Duns- 
more’s steam plow, Halkett’s steam cultivator, Romaine’s rotary culti- 
— and the Bradford and Perkins detachable windless steam plowing 
outfit. 


In this volume, Sperice exhausted the published material in periodicals, 
government reports, engineering journals, and the transactions of agri- 
cultural societies. Information is presented with vivid clarity, pre- 
cision, and scholarly finesse. Only a few generalizations need minor 
qualification. The statement to the effect that the kerosene and gasoline 
tractors were beginning to give the steam engines competition in the 
early 1890's (p. 44) is a bit misleading. In fact, most of the literature 
in the British farm journals insists that the English were very slow in 
adopting the tractor. A few “oil engines” had been demonstrated in 
the late 1890’s, but their adoption for practical purposes was delayed. 
The Mark Lane Express Agricultural Journal in August, 1910, reported 
that “the general impression was that the agricultural motor will not 
displace horses in this country, although abroad we believe it is already 
a brilliant success.” It was this lag in tractor production which en- 
couraged the British government to purchase American-built tractors 
to help win World War I. Again, a little exaggeration creeps into a 
concluding comment: “ Yet never in America—or indeed, in any other 
part of the world—did steam become as much a part of large scale 
farming as in the British Isles.” In the United States in 1910 there 
were 3,600,000 steam horsepower available for threshing and plowing. 
In many states half the acreage was plowed by steam, enough to plow 
the British Isles many times over. Perhaps the author meant the per- 
centage of land cultivated by steam in Britain exceeded that elsewhere. 
This may well be the case, although no figures are cited from which 
valid comparisons on this point can be made. 

The limitations of the book, however, stem from the fact that the 
story occurs in England, where the author lacked the opportunity to 
do extensive research. Thus the account does not rest on a foundation 
of business records of the manufacturers of steam plowing machinery. 
As a result the study contains a clear outline; an inventory of engines 
passes in review—but much of the flesh and sinew is missing. The 
reader cannot visualize the factory owner’s problems in making engi- 
neering designs, in securing adequate capital, in meeting the compe- 
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tition of rival companies, and in the establishment of a sales and distri- 
bution system. The absence of business correspondence mutes the 
voices of farmers who may have viewed the steam engines as fire 
hazards or as threats to their beloved horses. Similarly, there is a 
“blackout ” of the steam engineer’s reactions to his daily experiences. 
What did the man with his hand on the throttle of these leviathans of 
steel really think? What were his joys and fears? What emotions 
gripped the boys who rode the steam cable gang plows across the 
fields? 

These questions need not suggest another book; they merely imply 
that a good book might under certain circumstances have become a 
better one. 


REyYNoLb M. Wik * 


From Engines to Autos: Five Pioneers in Engine Development and 
Their Contributions to the Automotive Industry. By Eugen Diesel, 
Gustav Goldbeck, and Friedrich Schildberger. Translated by Peter 
White. Chicago: Henry Regnery Co., 1960. Pp. vi, 302. Illus- 
trations. $6.00. 


This book was first published in Stuttgart in 1957 under the title 
Vom Motor Zum Auto: Funf Manner und ihr Werk and consists of 
biographical sketches of Nicholas Otto, Gottlieb Daimler, Karl Benz, 
Rudolf Diesel, and Robert Bosch. These are vital names in the history 
of the internal combustion engine, and the purpose of the book is to 
give them their due as the architects of the technological and social 
revolution which the internal combustion engine has brought about. 

It can be said at the outset that the authors have achieved their 
purpose. Admittedly none of these five men has exactly languished 
in historical obscurity, but, allowing for the partisan literature on the 
controversy over whether Daimler or Benz invented the gasoline auto- 
mobile, this book is the first comprehensive effort to coordinate their 
life stories with the evolution of the internal combustion engine. 

What is of particular value to the historian of technology is the 
detailed description of how each of these men arrived at his great 
achievement. The process of invention appears in lucid detail, and 
with some new light on the long struggle which lies between concept 
and execution. Otto, for example, worked for a long time on an 
atmospheric engine and Rudolf Diesel on an ammonia engine. A 
quotation from the latter is worth repeating: (pp. 284-285) 


*Dr. Wik is May Treat Morrison Professor of American History at Mills 
College, Oakland, California. He is author of Steam Power on the American Farm 
(1953) and articles on agricultural history in various journals. He is now writing 
a book entitled, Henry Ford and the American Farmer. 
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“ An invention is never a purely intellectual product, but rather 
the result of the struggle between an idea and the world of material 
substance. For this reason, it can always be said of any finished 
invention that it is fairly certain that similar ideas had occurred to 
others, often long before. . . . 

“To invent something therefore means to take a few correct 
fundamental ideas out of a great quantity of errors, and after 
numerous failures and compromises, to see them through to prac- 
tical success.” 


Of the five, only Otto arrived at his technological work without any 
formal or systematic training. Benz, Daimler, and Diesel all attended 
polytechnic institutes, while Bosch was trained as a precision toolmaker. 
Both Benz and Daimler, in addition, had experience in building railway 
locomotives. All went through long periods of tribulation, not only in 
solving their technical problems but also in finding financial support 
and getting established in business. Indeed, the most valuable feature 
of the book is undoubtedly this detailed analysis of the interplay of 
personalities, technical difficulties, and questions of capitalization and 
business organization which was involved in this phase of technological 
achievement. 

There is so much of value in the book that its shortcomings cannot 
be considered to be serious—but they do exist. As is frequently the 
case with a collaborative effort, there is some unevenness and lack of 
coordination among the separate essays. There are, for example, two 
different accounts of the clash between Otto and Daimler when the 
latter worked for Otto and Langen; the Daimler-Benz controversy is 
simply ignored (I must confess that I find this omission an asset rather 
than a liability). There is also an occasional excess of zeal in asserting 
claims which need no such bolstering. Otto’s fame as the effective 
inventor of the four-cycle engine is solidly enough established so that 
it is quite unnecessary to belittle the insight of Beau de Rochas. One 
could wish also for a somewhat more complete account of Daimler’s 
relationship with Peugeot and Panhard-Levassor. 

Finally the introductory and concluding essays, both by Eugen 
Diesel, have some excellent features but also some conspicuous lapses. 
In the former, the author is clearly lost when he strays from strictly 
technological matters—the passage on the Industrial Revolution is aston- 
ishingly naive. In the concluding chapter, I have to take issue with 
his implication that Henry Ford is the only American automotive 
pioneer worth mentioning. Admittedly, the United States lagged be- 
hind Europe until after the turn of the twentieth century, but Henry 
M. Leland’s work in precision manufacture and Charles Y. Knight’s 
sleeve-valve engine could appropriately be given at least honorable 
mention. 

Moreover, it is simply not so that “from 1895 on Selden was able 
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to claim a royalty payment for every automobile in America, which 
brought him millions of dollars—,” nor that the Selden patent was “a 
serious impediment to the development of the American automobile ” 
(p. 291). George B. Selden made very little from a patent which caused 
so much excitement, Ford and other leading manufacturers never paid 
any royalties to him, and the patent had a negligible influence on the 
development of the American automobile except insofar as it had the 
beneficial result of inducing the industry to adopt a system of cross- 
licensing. 

To repeat, these are minor flaws. The work which has been done on 
the five central figures is authoritative and competent. It puts the 
beginning of the automotive industry on a solid foundation. 


Joun B. Rar * 


Taylorism at Watertown Arsenal: Scientific Management in Action 
1908-1915. By Hugh G. J. Aitken. Cambridge: Harvard Univer- 
sity Press, 1960. Pp. xiii, 269. $5.75. 


On the morning of August 11, 1911, a molder in the Ordnance 
Department’s Watertown Arsenal foundry refused to work against the 
stop watch. This obscure incident set in motion a series of events 
which was to take one element of Frederick Winslow Taylor’s doctrine 
of scientific management from the shop floor to the halls of Congress 
and out into the full glare of national publicity. So intense was the 
reaction to Taylorism, as symbolized by the Watertown walkout, that 
for thirty-three years thereafter time studies were banned in govern- 
ment arsenals. 

The incident and its manifest consequences make exciting reading, 
but Hugh Aitken’s scholarly volume about these events represents some- 
thing considerably more than an interesting piece of historical recon- 
struction. By providing the reader with a ringside seat to Taylorism 
in action at a critical point in its development the author succeeds 
in cutting through the distortions which partisans for and against 
Taylor have promoted for more than a half century. The significance 
of this single case study is that here in microcosm one can view at 
close range many of the stresses which are so characteristic of an entire 
society experiencing constant change in technology and organization. 

The innovation at the Watertown Arsenal involved the conscious 
application of rational methods for measuring and controlling human 
effort. For those who seek proof that the introduction of time study 
and premium incentives were based on extremely limited assumptions 


* Dr. Rae is professor of history at Harvey Mudd College and the author of 
American Automobile Manufacturers: The First Forty Years. 
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as to what motivates “the whole man” this document supplies an 
abundance of evidence. Indeed, the “science” of measuring and 
manipulating work still suffers from Taylor myopia. Today we are 
entering what might be called the second revolution in the science of 
management. As we substitute mechanical and electronic devices for 
human organs of decision and effort, we might learn much from the 
mistakes of the first revolution introduced by Taylor. 

Aitken’s first chapter on “The Taylor System” not only serves 
as background for the story which follows; it is one of the clearest 
descriptions yet written of the entire concept, its rationale, and its 
development. Teachers of industrial administration would do well to 
put it on the required reading list. The chapter discusses the two 
central elements of the method for determining work pace: job 
analysis and time study. Taylor’s total system, the author properly 
demonstrates, involved considerably more than the worker’s job itself. 
A first requirement was the standardization and control of the technical 
process. For the shop to function efficiently, it was necessary to intro- 
duce central planning, a concept we now take for granted. Taylor 
also introduced systematic inspection procedures, the use of printed 
job and instruction cards, standardization of machine tools, refined 
cost-accounting techniques, systematization of stores procedures, pur- 
chasing and inventory control. These and other measures were solid 
contributions establishing the groundwork for later techniques of con- 
tinuous flow production and assembly lines. None of the individual 
innovations was spectacular, but, says Aitken, “There has been a 
tendency on the part of historians of Taylor to play down their 
importance. In this respect, history has done Frederick Taylor less 
than justice, for these inconspicuous innovations have probably exer- 
cized a more far reaching influence on industrial practice than has the 
conspicuous innovation of the stop watch.” 

In the story of Watertown, many of these technical changes were 
made in the machine shop prior to the installation of wage incentives 
based on time study. Efficiency clearly improved, and there was rela- 
tively little resistance from the workers. It was in the foundry that a 
fatal mistake was made leading to the “explosion” of August 11th. 
The stop watch was brought in prior to any changes in the foundry’s 
obsolete technical system. Many factors impinging on the workers’ 
jobs were beyond their immediate control. These were not accounted 
for in the time study man’s calculations. To the workers the figures 
lied about something in which the men believed they had deep pro- 
prietary interest—the job itself. Not having experienced previous 
changes in the technical system, this act of management was viewed as 
an assault on a man’s job rights. The close-knit group of workers 
would have none of it. They walked out. 

Trade unions at the time had been eyeing time study critically. The 
walkout, which Aitken convincingly demonstrates was mot instigated 
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by the union, was, however, the spark which touched off the crusade 
of many unions against the whole Taylor system. One can still hear 
the repercussions today on the shop floor or around the bargaining 
table. 

This short volume deserves wide attention for many reasons. The 
substance of what it reports is not its only virtue. Aitken, an economist, 
blends the skills of the historian with the insight of the social psy- 
chologist. For research students, the book is a model of scholarly 
documentation without being pedantic. It carries a powerful message 
to managers and industrial engineers. It demonstrates the unique ad- 
vantages of the case study in depth as contrasted with the broad survey 
approach. Finally, those interested in organization theory will clearly 
recognize from Hugh Aitken’s research that human behavior does not 
take place in a technological vacuum. Technology must always be 
considered as an integral part of the social system of a factory. 


R. H. Guest * 


Management Organization and the Computer. Proceedings of a Sem- 
inar Sponsored by the Graduate School of Business—University 
of Chicago and The McKinsey Foundation. Edited by George P. 
Shultz and Thomas L. Whisler. The University of Chicago, Third 
Series. Glencoe, Ill.: The Free Press, 1960. Pp. xvii, 257. $7.50. 


Computer technology advances so rapidly that in the time it takes to 
publish anything on the subject, such as this book on business appli- 
cations, the information is already dated. The McKinsey Seminar, held 
in February, 1959, at the Graduate School of Business, the University 
of Chicago, provided a much needed opportunity for computer scien- 
tists, business educators, and business managers to share their knowledge 
of the latest advances and to exchange views on the application of 
computing machinery. We are fortunate to have the report of that 
meeting and the reproduction of the eleven papers read there. Although 
Management Organization and the Computer may have been intended 
as a business manager’s guide to current applications of computers 
to business information processing, its function is already somewhat 
altered. The book is now a valuable historic record of five pioneer 
business applications and a guidepost to the approach of scientific 
management in any age. 


* Robert H. Guest, formerly Associate Director of Research at the Yale Tech- 
nology Project, is Professor of Business Administration at the Amos Tuck School 
at Dartmouth College. He is co-author with C. R. Walker of The Man on the 
Assembly Line and has written a number of articles on technology and organi- 
zation. 
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Editors Whisler and Shultz have used Part I, “ Information Tech- 
nology and Management Organization,” to present their views on the 
ways information technology will affect management jobs and the 
consequent problems to be faced by management. They discuss effects 
on jobs at differing levels and in various staff activities, compensation 
of managers, the problems of training and management development, 
the degree of centralization in decision-making, and the adjustment of 
individuals and the organization to important technological change. 
The section closes with suggestions for appropriate research. 

Perhaps the most valuable section of the book, historically speaking, 
will be Part II, “ Technical Developments and Their Use by Manage- 
ment.” Two papers, one by Herbert A. Simon and Allen Newell, and 
the other by Alex Orden, are supplemented with remarks by Simon 
and excerpts from discussions at the Seminar. The first paper states 
in the best possible terms what a digital computer is with regards to 
its technological feasibility and economic efficiency. It clearly states 
just what the computer is in relation to statistical and mathematical 
decision techniques and further explains the technical potential of the 
computer and what will be expected of it in business. No two people 
could be better qualified to discourse on the subject of computer tech- 
nology and its relation to practical application than Simon, who is Pro- 
fessor of Administration and Associate Dean of the Graduate School 
of In:‘ustrial Administration of Carnegie Institute of Technology, and 
Newell, who is a Research Scientist at the Rand Corporation and 
Lecturer in Industrial Administration at Carnegie Institute of Tech- 
nology. 

Alex Orden is also well qualified, as Professor of Applied Mathe- 
matics at the Graduate School of Business and Director of the Opera- 
tions Analysis Laboratory of the University of Chicago, to discuss his 
topic, “ Man-Machine-Computer Systems.” As Simon and Newell 
discuss the actual programming concepts of the computer, Orden dis- 
cusses the over-all systems concept of the business application. He then 
explains the role of computers in management systems, pointing out 
that computer behavior in relation to the world of the administrator 
is analogous to what we call decision-making. He also extrapolates the 
time scale of computer applications to what we may expect to reach 
by our already forseeable technical potential. In the supplement to 
this section Simon discusses the economics of computers and in what 
areas they are most likely to supplant human efforts. 

In Part III, “ Organization: Concepts and Problems,” Douglas Mc- 
Gregor and Alex Bavelas discuss two organizational questions of general 
interest but of: particular relevance to the use of information tech- 
nology. McGregor concentrates on the role of staff people in organi- 
zations and the way this role is changing with greater understanding 
of how the organization works. He presents views about the effects 
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on the organization of different ways of introducing this new tech- 
nology. Bavelas develops some relationships between an organization’s 
communication problems and its structural properties. 

Business managers have their say in Part IV, “Information Tech- 
nology: Experience in Five Companies.” Although this section is 
valuable from a practical standpoint, its function from a purely scien- 
tific standpoint is questionable. Business managers are like proud fathers 
when they talk about the marvelous achievements of their “ children,” 
as shown when they discuss their systems; and like defensive children 
when questioned about their achievements, as seen in the discussions 
following each report. Historically, the infiltration of information 
technology and scientific management into the business world will be 
remembered by the reluctance of top management to accept new ways 
and by the brave vanguard of business managers and staff administrators 
who paved the way for their acceptance with systems such as the ones 
explained in this section. Although each company’s use of technological 
advancement differs in result, the method, as pointed out in one of the 
discussions, is remarkably the same. The imagination of the adminis- 
trators of these companies—International Shoe, General Electric, United 
Air Lines, Standard Oil, and Atwood Vacuum Machine—is certainly to 
be commended, practically and historically. There are many of these 
applications published, but these stand fairly representative of pioneer 
efforts in particular. 

Although the applications discussed are only two years old, the 
experience of the Standard Oil Co. provides an example of how dated 
these applications have already become. M. H. Grosz and Carl H. 
Rush of Standard Oil (New Jersey) discuss at length the applications 
of information technology in materials and stores, payroll and personnel, 
sales and shipping, operations analysis and reporting, and in still other 
areas. These uses seem almost juvenile in light of the fact that Standard 
Oil Company now stands as one of the first users of optical scanning 
devices in its credit card billing operation. Utilizing, incidentally, the 
same size computer discussed by Grosz and Rush, these devices elim- 
inate punched card input in the computer. The company has also 
pioneered the outstanding achievement of highly automated process 
control information systems by using tele-processing (a dream at the 
time of the seminar) and a scientific computer at its Whiting, Indiana, 
refinery in the latter part of 1960. And by early 1961 Standard Oil 
hopes to complete this process control with a “closed-loop ” system, 
involving completely automatic adjusting of control mechanisms at the 
refinery for optimum efficiency. 

Computer technology takes great strides in the relatively short period 
of two years. Too great, in fact, to capture its latest accomplishments 
in print. Oral communications, such as seminars, are the practical work- 
shops of advanced application of the technology; publishing them is 
recording history. 
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Management Organization and the Computer is, however, a legitimate 
contribution to a field that needs current explanation, and one that 
will require definite knowledge of its early development to govern its 
practical future. It is a tribute to both the scientist and the businessman 
that communications, such as this seminar, permitted the early marriage 
of technology and practical application, and that publication of these 
communications records a movement more dynamic than the Scien- 
tific Revolution. Such documents reveal the dawn of the Computer 
Revolution. 

W. C. CuristTIANn * 


Possibilities of Economic Progress. By A. J. Youngson. New York: 
Cambridge University Press, 1959. Pp. iii, 325. $6.00. 


Economic history is all too seldom studied for the lessons it can 
teach. That someone of Professor Youngson’s competence should have 
done so is therefore to be welcomed. Those of us who are not eco- 
nomic historians, and perhaps many who are, will find that his com- 
bination of analysis and comparison yields fruitful insights and helps 
to strengthen—or to weaken—our hold on views but tentatively formed. 

The first of the book’s three parts, constituting nearly a third of 
the whole, consists of a review of economic concepts and theories 
that are relevant to the problems of measuring and explaining economic 
progress. This material is presented with a precision that will be appre- 
ciated by economists and a lucidity that—though an occasional passage 
is esoteric—makes it accessible to others. Gradually, but in a thoroughly 
workmanlike progression, the reader is taken on an inspection tour of 
the major issues and crucial questions examined by economists in search 
of an explanation of the industrial revolution and its spread. From 
among the many factors examined, three are selected for special atten- 
tion: “first, inventions and the adoption of new ideas, especially such 
as encourage extensive further innovation and, perhaps, investment; 
secondly, the supply of enterprise; thirdly, the drift towards massive 
production, based on the realization of economies of scale” (p. 95). 
But this is preceded by a warning that “ when economists discuss the 
means to economic progress they are usually inclined to assume away 
such obstacles as ignorance, injustice, corruption and social inertia ” 
(p. 91). The author promises not to ignore these factors, but observes 
that, “as they are not topics on which an economist is particularly 
qualified to speak,” they will be treated less thoroughly than “ possibly 
less important but more specifically economic matters.” The difficulty, 


* Mr. Christian is the Assistant Editor and book reviewer of Management and 
Business Automation magazine. 
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however, is not simply that economists are not well versed in the non- 
economic aspects of social development. It is, rather, that no one, as 
yet, has acquired an adequate theoretical understanding of the func- 
tional interdependences of economic and non-economic factors, which 
thus continue to be dealt with as separate universes of discourse, to be 
mentioned by the sophisticated in successive breaths but otherwise left 
to pursue independent existences. Until this artificial separation is over- 
come we cannot hope to understand, or properly to guide, the processes 
of social and economic development. Stuck with this handicap, Young- 
son resorts to an insightful use of the tools of the economist and the 
historian. Part I ends with a brief discussion of a “ loosely-formulated 
pseudo-historical model” designed to explain the scope and organiza- 
tion of the four historical studies that comprise Part II. 

These four studies, which were chosen to provide a representative 
sample of growth processes in the Western world during the past two 
centuries, are concerned with the acceleration of economic progress 
in Great Britain (1750-1800), Sweden (1850-1880), Denmark (1865- 
1900), and the American South (1929-1954). No new primary research 
went into the preparation of these chapters, if one may judge from the 
references. One feels, nonetheless, that these four studies are capsules 
of solid scholarship. Their aim is not to present new evidence but to 
permit the reader to join the author in reflecting upon and evaluating 
what is already known. 

The results of this reflection and evaluation are set forth in Part III. 
Here, in two concise chapters, conclusions are drawn concerning the 
lessons of the past and some suggestions are offered to countries that 
are endeavoring to accelerate economic progress in the present. Perhaps 
inevitably, the suggestions point more to the requirements than to the 
possibilities of economic progress. To this extent the book is mis-titled. 
To be able to evaluate current possibilities of progress, it would seem, 
one should at least undertake to compare conditions in a group of 
pre-industrial countries today with those in the Western nations whose 
past experience is to be taken as, in some sense, a guide. Since this was 
not attempted, readers from the developing countries might be pardoned 
for wondering how seriously to take the advice tendered in the final 
chapter. The answer, in this reviewer's opinion, is that they should 
pay more attention to it than to much of the advice offered in the 
recent past by Western economists writing under the delusion that 
they were objectively employing a “ purely scientific” method. 

Professor Youngson is fully apprised of the risks inherent in the role 
he has chosen to play, and he brings them frequently to the fore. Thus, 
he warns that the model presented at the end of Part I “is intended 
for use in studying such developments as are examined in Part II, i. e., 
cases of progress made by countries or regions not themselves abysmally 
backward by comparison with the more developed economies of the 
time” (p. 99). Specifically, the model assumes, among other things, 
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“the existence of individuals able and willing to come forward to 
organize the expansion of trade and production” and “a willing, 
mobile, intelligent and trained or readily trainable working force” 
(p. 97). Consequently, “in thinking about the present-day problems 
of ‘backward areas’ considerations other than those made prominent 
in the above model may be vital. But . . . for the moment we are trying 
to understand the past, not to prescribe for the future” (p. 99). None- 
theless, Youngson continues, “ in the last chapter, once we have decided 
what the conditions of the past really were, we shall try to use that 
knowledge and adapt it to problems of the present day.” 

To say that the present volume contains no examination of currently 
developing countries is not to imply that the conclusions of the pen- 
ultimate chapter are ill-founded, or that the suggestions of the final 
chapter are ill-informed. There is clearly much wisdom in both. Yet 
societies in which the larger part of the population has the security of 
attachment to the land have a problem of severing this tie and creating 
a “willing, mobile . . .”"—i. e., a proletarian—working force. They also 
have a problem of creating an employer class. These are related and 
interdependent transformations of the stuff of society. They are social 
innovations, more fundamental, and certainly more difficult of achieve- 
ment, than the technical inventions and innovations that played so 
important a role in the industrialization of Europe and North America. 
The particular social innovations mentioned above were selected for 
attention because their economic relevance is so clear, and because the 
changes they imply are so extensive. They require that the services 
of both labor and land be transformed into commodities; that markets 
for these and other commodities arise; and that the values and attitudes 
of both owners and users of these basic productive services be rendered 
consistent with entering into economic transactions (exchanges) in- 
volving them. Also required is a certain irresponsibility for the con- 
sequences of their actions on the part of employers, and an acceptance 
of this by employees. Finally, because the breadwinner now must 
carry on his productive activities outside the family circle and, as a 
rule, the village, both of these basic institutions must change. In societies 
built largely on primitive collective (or “ communalistic ”) principles, 
these are difficult transformations to achieve. 

Professor Youngson is neither ignorant nor neglectful of the im- 
portance and difficulty of social innovations. He views them as both 
preparing the way for the adoption of technical innovations when these 
are ready to put in an appearance, and as accelerated and guided by 
technological progress as it occurs. When viewed in isolation, a Folk 
School Movement in Denmark or an Agricultural Adjustment Admin- 
istration in the United States may seem far removed from the world 
of centrifuges and turbines. In Youngson’s hands, however, cream 
separators, hydro-generators, and new institutions play an interactive 
role in the modernization of life, whether on the plains of Denmark 
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or in the valley of the Tennessee. Such processes, moreover, are viewed 
as deriving jointly from other, preparatory modifications of previously 
static, well-entrenched social systems. Thus, each of Youngson’s four 
basic studies begins with a statement of the transformations that had 
preceded, and prepared the way for, accelerated growth. One of his 
major conclusions is the “ striking fact that in all the cases examined 
changes in land ownership began to be an important factor long before 
industrial change was of much consequence. . . . Subsistence farming 
was not merely improved in these countries; it was eliminated” (p. 
281). Thus it is not surprising that one of the pieces of advice offered 
to developing countries is that they should stress agricultural develop- 
ment and the reform of land tenure. This is all to the good. Owing 
to a mistaken argument by well-intentioned economists that non- 
industrial countries should develop along lines of (existing) comparative 
advantage, which seemed to consign them to a permanent state of 
pre-industrialism, agriculture fell into disrepute as a proper object of 
development policy after World War II. 

To stress that a developing society must modernize agriculture and 
land tenure, must eliminate subsistence farming, is advice of a quite 
different sort. It may not be popular, but it is important. Like so much 
advice, however, this only identifies what must be done; the means 
of achieving the aim are unspecified. What, for example, is to be the 
modern counterpart of enclosure, which not only created new possi- 
bilities of individualized land management but also played a role, 
although a cruel one, in proletarianizing the labor force? 

Recognition of the transformation problem is also implicit in the 
suggestion that governments concern themselves less with specific 
projects and plans and more with “the general conditions and equip- 
ment of economic life ” (9. 312). This prescription arises from Young- 
son’s awareness of the complex, multi-dimensional character of eco- 
nomic progress, an awareness that is reflected in the historical chapters 
and epitomized in the observation that it is “all too easy” to think 
about the complex processes of economic progress “ in ways which, 
if not too simple, are certainly too tidy” (p. 305). “For example,” 
he continues, “ it is often said that the ‘analy sis of economic progress 
must contain an enormous number of variables; but it should be added 
that thinking of progress in terms of variables, however numerous, is 
apt to mislead.” In short, the transformation of society is a change in 
the relationships that make a social organism function. To change 
relationships—the “ general conditions and equipment of economic life ” 
—is more difficult than to manipulate variables. It is necessary for the 
success of specific projects and should precede, or at least accompany, 
them. Western economists (and engineers), trained in a culture already 
transformed, often overlook this. 

“Creation of a more tolerant and flexible social system” (p. 318)— 
lack of which, it is argued, helped to delay growth in the American 
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South—is offered as another major requirement. This prescription, too, 
involves, in most cases, a fundamental transformation of society from 
one in which vertical and horizontal mobility is lacking to one in which 
it is increasingly prevalent. But to achieve such a transformation, while 
also preserving that “ absence of serious political tension ” which char- 
acterized all the economies examined in Part II (p. 300), is a tall order. 
The requirement may be accepted; its transiation into possibility is 
another matter. 

Space does not permit discussion of the conclusions that precede and, 
in a sense, justify Youngson’s suggestions. Still, it is difficult to see 
how there could be much disagreement, for they are documented 
generalizations concerning specific episodes, not hypotheses of a theory 
of history. In moving from these particularized conclusions to a set 
of rather generalized suggestions Professor Youngson has made a broad 
leap, but he has made it consciously: “‘ The past,” he warns, “ cannot 
teach the present what to do. . . especially when we seek to apply the 
‘lessons’ of Western economic history to the present-day problems 
of Asia or Africa” (p. 304). Nonetheless, the conclusions do illumine 
the suggestions, as readers of both of the concluding chapters will 
readily recognize. 

This is a book to be taken seriously, to be read thoughtfully, by 
persons interested in the problem of facilitating economic progress. It 
calls explicit and insightful attention to the pitfalls of a purely “ eco- 
nomic” approach. It is written from the standpoint of one who accepts 
Western individualistic values and who believes that market processes 
can contribute importantly to achieving an efficient allocation of re- 
sources and providing an effective set of growth-promoting incentives. 
But it is free of the myopic cultural bias and anti-collectivist sentiments 
that characterize much professional and non-professional Western 
writing on economic development; and it shows a keener awareness 
than is common among economists that many developing countries 
today must still undergo (or complete) transformations of a kind that 
had largely been accomplished before accelerated industrialization ap- 
peared in the West. One could wish, however, for a greater recog- 
nition of and emphasis upon the fact that social transformation in Asia 
and Africa will involve different processes and mechanisms from those 
of Europe; and for a clearer, more explicit distinction between what 
it is necessary to accomplish in this regard and the possibilities of 
doing so. 

CHANDLER Morse * 


* Mr. Morse is Professor of Economics at Cornell University. He has written 
on the economics of natural resources and the sociology of Talcott Parsons; he 
has recently returned from an economic survey mission in Africa, the results 
of which have been published in Basutoland, Bechuanaland Protectorate & Swazi- 
land: Report of an Economic Survey Mission (London: Her Majesty’s Stationery 
Office, 1960). 
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Nasser’s New Egypt. By Keith Wheelock. New York: Frederick A. 
Praeger, 1960. Pp. vii, 326. $6.00. 


Keith Wheelock has written a masterful account of Nasser’s new 
Egypt. He separates the real from the apparent, no mean feat con- 
sidering the claims of Egyptian leaders and the complexity of their 
maneuvers. While Mr. Wheelock examines the whole fabric of Egypt’s 
national life, this review will treat chiefly that which most interests 
readers of Technology and Culture—the Aswan High Dam. 

The author incisively points out the penchant of Egypt’s military 
leaders for spectacular technological achievements as the benchmarks 
of national progress, a characteristic shared by many leaders in less 
developed lands. Governments of so-called backward nations fre- 
quently suffer from what has been picturesquely called a “ smokestack 
psychology.” They want steel mills, dams, transmission lines, and the 
like to dot the landscape, viewing these as the accoutrements of suc- 
cessful society. 

Such industrial monuments may not always be best for a country, 
nor is planning always effective. For example, Egypt planned an iron 
and steel mill, costing an estimated $48,000,000. Some three years 
later Nasser opened the plant with great fanfare, having spent some 
$70,000,000 and expecting to pay $8,500,000 more. As Mr. Wheelock 
remarks, “One can conclude that the iron and steel company has 
proved to be a somewhat expensive undertaking.” 

Without doubt, the Aswan High Dam is the “ grand-daddy ” of all 
“smokestacks.” Costing more than $1,300,000,000, the High Dam by 
Egyptian claims will devour 17 times as much material as did the Great 
Pyramid, reach about 330 feet above the river bed, stretch some 3.1 
miles, store 130 billion gallons of water, permit the cultivation of some 
2.1 million additional acres, and ultimately produce 4.3 billion kilowatt 
hours of electricity annually. 


The author traces the intricate political power moves regarding the 
dam by Egypt, the United States, Great Britain, Sudan, the Soviet 
Union, and the World Bank. He underscores Nasser’s fascination with 
the project as a political imperative rather than merely an economic 
requirement. Nasser had to give his people tangible evidence of his 
promised attack on poverty after six years of little internal improve- 
ment. 

As Mr. Wheelock cogently emphasizes, the High Dam alone cannot 
maximize the utilization of the Nile. In fact, if I may add to Mr. 
Wheelock’s comments, the Nile itself will be insufficient to meet 
Egypt’s rapidly rising water needs. If Egypt wanted to reach in 1990 
the per capita water consumption of the United States in 1930, she 
would require double her allotted portion of the Nile. 


To shed more light on the economics of undertaking an expanded 
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water development program, let us see what would be required. Suppose 
Egypt sought to make available 6.6 trillion gallons annually by adding 
to the 3.3 trillion gallons to be provided by the Aswan High Dam 
another 3.3 trillion gallons to be provided by desalting (assuming de- 
salting becomes economical). Based on the estimated cost of the Dam 
and of 50,000 gallon-a-day nuclear desalting plants, to obtain the 6.6 
trillion gallons in thirty years would necessitate an estimated capital 
investment of about $5,000,000,000 or about $165,000,000 per year (not 
counting interest and the like), or about five per cent of Egypt's present 
gross national product. This requirement should be compared with 
Egypt’s current gross investment of some $255,000,000 per year. Even 
if the percentage of GNP needed to invest in water resources were 
to decline, the burden would remain considerable. As far as the Aswan 
High Dam is concerned, the Soviet Government has committed itself 
to cover all external costs, providing, I imagine, that Egypt does not 
snuggle up to the West. Of course, Egypt still must cover the huge 
internal costs. 

Readers of Technology and Culture can benefit from Mr. Wheelock’s 
apt dramatization of the political forces which invariably wrap them- 
selves around many technological problems. What someday may be a 
huge composite of rock, concrete, steel, electric generators, and the 
like has played havoc with relations between Egypt and the West and 
given the Soviet Union another important vehicle in its penetration 
of the Middle East. Granted, Egypt’s pressing food and energy prob- 
lems in time may justify the High Dam. Even if the Dam helps, as 
well it might, it certainly is no panacea for Egypt’s ills, a belief often 
implicit in Egyptian claims. Mr. Wheelock rightly highlights the 
economic reservations of some (especially the World Bank), who have 
reviewed the Dam as originally conceived; it is almost certain that if 
completed, the Aswan High Dam will not meet the country’s water 
needs. Further, the political machinations involved in the construction 
have stimulated malign political influences. 

Ravpu SANDERS * 


Slaves Unaware? A Mid-Century View of Applied Science. By 
Magnus Pyke. London: John Murray, 1959. Pp. 208. 16 shillings. 


The harassed looking housewife surrounded by modern gadgets who 
appears on the dust jacket of this volume is apparently intended as the 
egghead counterpart of the half-naked beauties on paperback covers. 
Both are expected to attract purchasers and then never to be heard 


* Dr. Sanders, currently with the Industrial College of the Armed Forces, has 
taught at Dumbarton College and the American University and is associated with 
the Foreign Policy Research Institute of the University of Pennsylvania. 
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of again. And the title seems best to apply to the not-so-innocent 
reader who hoped here to find another salacious attack on the addiction 
of our culture to science and technology. His hopes are doomed to 
disappointment. 

Dr. Pyke instead takes him through a pedestrian survey of the impact 
of science and technology on our culture. To his credit he has tried 
to cope with an important and difficult subject, and we can admire 
him for his intention to examine the role of science and technology in 
terms of the ultimate value to our society. He rightly suggests that we 
tend to accept without question that science is a “ good thing ” and that 
the more of it and of scientists we have the better off we are. But 
neither his rather tentative efforts to question this assumption nor his 
attempt to arrive at some principle by which we can tell how many 
and what kind of scientists we want are adequate. 

Others have better and more succinctly described the impact of science 
and technology on our culture. Since the general education movement 
began we have known that scientists ought to know something of the 
arts, and C. P. Snow has made us aware that all of us need to know 
a great deal more about science than we do. 

Dr. Pyke labors through these points and others, supporting his 
arguments with illustrations which seldom are illuminating and are 
hardly original or detailed enough to be interesting. 

Thus for all his good intentions we still await answers to the questions 
which worry Dr. Pyke: 


(1) Is the advancement of science self-justifying, or are there other 
goals which might justify imposing limits on our commitments to 
science? 

(2) Are there some areas of scientific pursuit and application which 
are better than others? If so, how do we direct men and resources to 
them, especially if they are not the most profitable or immediately 
useful? 

(3) How can people, particularly in a democracy, be helped to 
understand that science has not fulfilled its function merely by making 
life more comfortable and things more plentiful? 

(4) What kind of education will insure that science is kept directed 
toward goals which men believe are worthy of pursuit rather than 
itself becoming the determinant of the character of education and its 
goals? 


NorMAN KurRLAND * 


*Dr. Kurland is on leave from his post as Assistant Professor of History at 
Hofstra College to serve as Associate Director and Editor of the Inter-University 
Committee on the Superior Student, at the University of Colorado. He has written 
on the impact of advancing technology on leisure time. 
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Highways Over Broad Waters: Life and Times of David B. Steinman, 
Bridgebuilder. By William Ratigan. Grand Rapids: Wm. B. 
Eerdmans Pub. Co., 1959. Pp. 360. Illustrations. $6.00. 


It is unlikely that readers of Technology and Culture will enjoy or 
profit from a biography of the Society’s late president which refers 
to him as “the egghead of the engineering profession who also had 
graduated from the school of hard knocks ” (p. 290), which exults in 
imagery such as “ the steel members of the bridge flexing their mighty 
muscles” (p. 25), and which refers maladroitly to the Brooklyn 
Bridge’s “ inspired curves of steel and concrete” (p. 25). 

Mr. Ratigan speaks of his book as a “ definitive ” biography (p. 350), 
by which he means that it contains “ private information and intimate 
details” as well as information drawn from newspaper clippings, from 
Dr. Steinman’s own writings, and from such books as Toynbee’s A 
Study of History and Wit and Philosophy from the Radio Talks of 
America’s Humorist, Will Rogers. There is no indication in the bibli- 
ography or in the text that Mr. Ratigan is familiar with any articles 
or books by other engineers than Steinman or by students of engi- 
neering history. Many paragraphs of his book are, in fact, lifted bodily 
from Dr. Steinman’s writings, without acknowledgment—as, for in- 
stance, the paragraphs on the principles of suspension-bridge aerody- 
namics (pp. 291-292) which are appropriated almost without change 
from Steinman’s introduction to Mr. Ratigan’s earlier book, Straits of 
Mackinac, or the paragraph about the re-use of the erection cables of 
the Sidney Harbor Bridge (p. 180) which is taken almost intact from 
pp. 291-292 of Steinman’s and Sarah Ruth Watson’s Bridges and their 
Builders (N. Y., 1941). 

The result is a chatty, journalistic job, colored with uninformed 
enthusiasm for the beauties of engineering and uncritical admiration 
for a man who was far too complex to be understood by a biographer 
whose revelations of intimate details consist, for example, of telling 
us that “ Romance raised its lovely head during this period of Steinman’s 
sojourn in Idaho” (p. 92), etcetera. 

Dr. Steinman’s career was full of interest, and his professional achieve- 
ments were notable. Mr. Ratigan’s book is full of evidence that both 
these things are true. But it is deplorable that such an interesting man 
and such notable achievements should be so shabbily presented to the 
general reader whom Mr. Ratigan is addressing. 

Many of Dr. Steinman’s theories about bridge design were contro- 
versial, and his relationships with other bridge engineers were not 
always affable. To Mr. Ratigan, whose knowledge of the subject is 
apparently limited to what Dr. Steinman said and wrote, everyone who 
ever disagreed with Dr. Steinman about anything was either a knave 
or a fool. There is, throughout the book, a rather disagreeable sprink- 
ling of anecdotes and references—some of them quite irrelevant to the 
main narrative—which in a snide way impute unsavory motives to 
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engineers whose achievements rivalled Dr. Steinman’s. An example is 
the uncalled for paragraph (p. 178) about the design prepared for the 
Sidney Harbor Bridge by Joseph B. Strauss, whose Golden Gate Bridge 
has a single span even longer than that of Steinman’s Mackinac Bridge. 
In his eagerness to discredit L. S. Moisseiff, whose distinguished career 
as a bridge designer ended tragically after the collapse of his Tacoma 
Narrows Bridge, Mr. Ratigan on p. 245 says that Moisseiff also designed 
the Bronx-Whitestone Bridge, which had to be stiffened at considerable 
cost. Six pages later, when he is intent on disparaging O. H. Ammann, 
chief engineer and designer of some of the world’s greatest bridges, 
Mr. Ratigan tells us that when the plans of the Bronx-Whitestone 
Bridge were originally published, “the names of the engineers were 
not given, and Steinman had no way of knowing it was one of O. H. 
Ammann’s jobs.” 

Mr. Ratigan writes loosely about facts. Sometimes the result is incon- 
sequential, as when he says (p. 36) that at the age of ten Steinman was 
reading “ at least a thousand volumes a year ”—which, if we allow four 
hours per book, and six hours a day for sleep, and another six hours 
for school, would leave the youngster about three quarters of an hour 
per day to lead the rest of the boys in the neighborhood in sports and 
in walking tours, to help the other boys on the block with their home- 
work, to attend adult lectures in the evening, and do all the other things 
we are told he did, to say nothing of eating his meals. At other times 
the looseness is not so inconsequential. On page 123 we are told that 
Steinman and his partner, Holton D. Robinson, were “ associated, as 
consulting engineers, with the construction of most of the well-known 
long spans in America, including the George Washington Bridge, the 
Ambassador Bridge at Detroit, the Transbay Bridge at San Francisco, 
the Triborough Bridge in New York, the Mackinac Bridge in Michi- 
gan.” Steinman was, of course, the designer of hundreds of bridges, 
including the Mackinac bridge, and his firm served as consulting engi- 
neers on many other bridges. But there is no record that Steinman 
designed any of the other bridges on Mr. Ratigan’s list, or that he 
served as consulting engineer during their construction. Mr. Ratigan 
himself tells us on page 243 that the George Washington Bridge was 
designed by Moisseiff who, “in a move that completely bewildered 
Steinman, eliminated the stiffening truss altogether.” The statement 
may well bewilder the chief engineer and the engineer of design who 
did design the George Washington, namely: O. H. Ammann and 
Alston Dana. 

Joun A. Kouwenuoven * 


* Formerly Managing Editor of Harper’s Magazine, Dr. Kouwenhoven has been 
Professor of English at Barnard College (Columbia University) since 1950. His 
book, Made in America (1948), related American technology to the arts, literature, 
and architecture. He is currently engaged in research on Captain James B. Eads, 
and the bridge which bears his name at St. Louis, Mo. 
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THE NEW YORK MEETING, DECEMBER 27-30, 1960 


ProGRaM NoTEs 


Variety and vitality were the hallmarks of the Third Annual Meeting 
of the Society. The wide range of topics testified to the broad interests 
of the members of the Society, and the heated discussions following 
the presentation of the formal papers were evidence of the serious and 
enthusiastic involvement of the listeners in the issues discussed. 

Lynn White, jr. (University of California, Los Angeles) presided 
over the Tuesday afternoon, December 27, session on “ Fairly Recent 
Science and Technology,” which was held jointly with the History 
of Science Society. Alexander M. Ospovat (University of North 
Dakota) explained “ Abraham Gottlob Werner’s Ideas on Science and 
Education.” Werner, who taught from 1775 to 1817 at the Berg- 
Akademie at Freiberg, Saxony, was not only an eminent geologist but 
also one of the founders of the tradition of technical education which 
underlay Germany’s superiority in applied science in later generations. 
Himself a man of great cultivation in the humanities as well as in 
science and engineering, he insisted upon breadth as well as depth in 
technical training. He denied the distinction between the theoretical 
and the practical, and urged the inclusion of all major occupations, 
as well as the fine arts, in the formal university curriculum. 

Harold I. Sharlin (Polytechnic Institute of Brooklyn) continued 
with a paper on “ The Engineering Gap between Faraday’s Discovery 
of Electromagnetic Induction and the Electric Dynamo.” The delay 
in application of a scientific discovery to practical devices is dependent 
on the time it takes engineers and technicians to assimilate the knowl- 
edge and society’s production managers to find a need, Dr. Sharlin 
stated. To many, the lag between Faraday’s discovery of electro- 
magnetic induction and the invention of the dynamo has seemed 
unusually long, but the illusion is the fault of a twentieth century 
perspective. Faraday discovered electromagnetic induction in 1831 
when he found that electricity could be produced through the use 
of magnetism by moving a magnetic field relative to a conductor. The 
discovery was fundamental, but Faraday’s experiments, in spite of the 
claims to the contrary, were a long way from a practical generator. 
Two theoretical problems had to be solved: (1) the most efficient 
position for the conductors relative to the magnetic field and (2) the 
production of a magnetic field of adequate strength. The theory of 
electromagnetic induction, as in the case of all theories, was advanced 
through knowledge acquired in making devices. In the case of the 
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dynamo, several new industries were started before a demand for the 
machines reached a point which encouraged significant development. 
The first generators were laboratory models, and the first commercial 
use was for electroplating. Next, electric lighting, both arc and in- 
candescent, made use of dynamos. A basic change in windings was 
introduced for use in the arc lighting system. The dynamo was also 
improved by the invention of self-excitation. But the most important 
development in the use of the dynamo came with the recognition of 
the reversibility between the generator and the electric motor. This 
dvelopment established the electric power industry. The difference 
between lengths of engineering gaps in the nineteenth and twentieth 
centuries is due to the existence of electrical engineers, who are trained 
in scientific theory. The demand for dynamos, the other factor in 
the engineering gap, was delayed until entirely new industries for 
electroplating, electric lighting, and electric drive were begun. 

In the absence of Dr. Stanley Pargellis, who was ill and could not 
attend the meeting, the Wednesday morning joint session with the 
American Historical Association on the topic “ Technology as Cause 
in History ” was presided over by Mervin J. Kelly (former president, 
Bll Telephone Laboratores). Attendance was over 200. Speaking on 
“ Technology—Neglected Clue to Historical Change,” Roger Bur- 
lingame claimed that historians had neglected crucial technological 
factors in their narratives—that military historians had written about 
battles but had given little space to weapons, munitions, food supply, 
or the activities of the military engineers which affected the nature and 
course of wars; that economic historians seemed more concerned with 
theories than with the technical changes which made necessary the 
formulation or revision of economic theories. “ Reform” is on the 
way, he said, as shown by Technology and Culture, whose title evinces 
the new interest in the integration of technological events with other 
elements of historical change. Swiftly summarizing the march of 
civilization, Mr. Burlingame pointed out several instances where tech- 
nological developments had been among the most important causative 
factors in effecting historical change, stressing, for example, the role 
of the clock in political, economic, and social history. Emphasis on 
technology becomes increasingly important in modern times, for, as 
he put it, in the eighteenth century technology “began to run away 
with history.” Although the economic effects of the industrial complex 
have not been neglected, the technological developments which gave 
rise to these effects have not been studied thoroughly. He went so 
far as to suggest that the unique qualities of American life may not 
have been due as much to Frederick Jackson Turner’s “ frontier ”— 
or any variation of that thesis—as to the special quality of American 
technics. 

In his paper on “ History—Neglected Clue to Technological Change,” 
Lewis Mumford (University of Pennsylvania) pointed out that the 
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history of the internal development of any department of technics 
cannot be “ firmly pictured without reference to the culture it served 
and to the movement of that culture through time.” Technology must 
be restored to its “dynamic social context” if its history is to be 
meaningful. He attributed the tendency to isolate technical history 
from the general stream of history to: (1) the study of pre-literate 
societies, wherein the a and archaeologists were almost 
entirely dependent upon artifacts for source material and hence over- 
emphasized the material objects themselves, and (2) the writings of 
Karl Marx who treated economic institutions and technical processes 
as autonomous determinants of other aspects of culture, so that history 
became “ past technology.” Using the example of the Egyptian pyra- 
mids, Professor Mumford showed how technical achievements arose 
from human purposes rather than from the internal developments of 
technics, and he indicated the importance of war and religion as ex- 
amples of other dynamic processes in culture which are interdependent 
with technological development. That his paper complemented Mr. 
Burlingame’s was shown by the fact that both papers ended with a 
plea for an organic and integrated approach in order to understand 
both the development of technology and general historical change. 

Commenting upon the papers of Burlingame and Mumford, H. Stuart 
Hughes (Harvard University) claimed that Croce and the idealist 
school of historians had forgotten Vico’s dictum—‘‘ Man can under- 
stand the civil world because he made it ”—and had denied the “ spirit- 
ual” character of technology, losing sight of its human origin and 
function. A further difficulty in understanding the importance of 
technology has been its “anonymous” character, but Dr. Hughes 
reminded his listeners that much history is the work of collectivities 
and of “ anonymous prime movers of great perturbations.” Comparing 
technology with the artisan nature of the historian’s own craft, Pro- 
fessor Hughes concluded by stating that “the history of technology 
is not merely a specialized part of knowledge tucked off in some 
unfrequented corner of our own discipline, but a way of understanding 
the past that yields to no other in the sense it gives us of direct con- 
frontation with a living and human reality.” 

Sidney Withington (former Chief Electrical Engineer, New York, 
New Haven and Hartford Railroad) presided over the Wednesday 
afternoon program on “ Nineteenth Century Technology,” which was 
a joint session with Section L (History and Philosophy of Science) 
and Section M (Engineering) of the American Association for the 
Advancement of Science. In his paper on “ New Evaluations in the 
History of the Petroleum Industry in the Nineteenth Century,” Arnold 
R. Daum (Loyola and Roosevelt Universities, Chicago) divided the 
history of the petroleum industry into three periods: (1) the pre-Civil 
War decade, in which the backlog of technology accumulated that 
made the birth of petroleum refining in 1860 long overdue; (2) the 
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pioneer years of petroleum refining, spanning the Civil War decade 
and extending in some respects to 1873; and (3) from the early seventies 
to the end of the nineteenth century, when John D. Rockefeller 
fashioned his monopolistic organization which was accompanied by 
technological stagnation. Petroleum refining’s initial technological 
grounding was based on the role of illuminating gas manufacture as 
the progenitor of coal-oil refining. Chartered gas companies, distilling 
gas from coal, originated in Baltimore in 1816 and spread to New York, 
Boston, Philadelphia, and other cities, until their progress was retarded 
by the depression of 1837; yet by 1850 gas manufacture was the 
country’s most important illuminating industry, there being about 56 
companies in the United States in 1850 and more than 400 in 1860. 
While high temperature distillation gave the best gas yield, it became 
recognized that distillation at lower temperatures produced attractive 
yields of oil with superior illuminating and lubricating qualities. With- 
out the availability of gas technology the rise of coal-oil refining in the 
last four years of the pre-Civil War decade would be difficult to 
explain; coal-oil refiners adopted gas retorts and stills and drew on 
many other facets of gas technology for equipment which became 
the foundation of petroleum distillation. From the middle of the nine- 
teenth century, many petroleum products, such as lamp illuminants 
(kerosene), paraffin for candles (replacing lard oil and sperm oil), 
and lubricants (replacing animal and vegetable oils), appeared, with 
gasoline coming in 1863. About 1913 gasoline and fuel oil, as well 
as lubricants, were the major petroleum products. Much of the crude 
supply was characterized by low gasoline yields. At that time thermal 
cracking was commercialized to make refining a conversion process 
rather than one of mere separation. 

Speaking on “The British Electrical Industry Lag, 1882-1888,” 
Thomas P. Hughes (Washington and Lee University) pointed out that 
in 1882, when the era of central station electric lighting began, Great 
Britain still had the reputation of the world’s greatest industrial nation. 
Her engineers and scientists in the field of electricity considered them- 
selves second to none. Although the American Thomas Edison had 
pioneered with the incandescent light, his patents were available to 
Englishmen, and an Edison central station operated in London before 
the opening of the famous Pear] Street Station in New York. There 
was a time of recovery in 1882 during a long depyession, and English- 
men invested so heavily in the new industry that a boom in electrical 
shares ensued—much of it highly speculative. With enthusiasm high 
and profits expected to match, it was not surprising that Parliament, 
in an era labelled “the end of Jaissez-faire,’ should have enacted an 
electric lighting law in 1882 which regulated private enterprise central 
stations and provided for municipal ownership after 21 years. Private 
enterprise could enjoy the profits (or losses) of innovation in a booming 
industry, but the British municipal governments would operate a 
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proven enterprise in the name of public welfare. In the U.S. A., by 
contrast, legislative controls were limited and local. The bright promise 
of 1882 faded into the doldrums of 1885-1886 in Britain as electrical 
shares plummeted and projects for central stations remained on paper. 
The mild economic boom of ’82 had given way to the general depres- 
sion of the mid-eighties. Aware of progress in electrical shares, and 
enoying some political influence, the leaders of the private electrical 
enterprises promoted a Parliamentary hearing on the Electric Lighting 
Act of 1882, which had become the scapegoat (not one station operated 
in the United Kingdom in 1886 under the provisions of the act). 
Spokesmen for private enterprise convinced the Parliamentary Com- 
mittee (and probably themselves) that the iniquitous Act of 1882 
caused the lag. Competition from good cheap gas and the adverse 
effect of overspeculation in 1882 as well as other factors were minim- 
ized. Spokesmen for the industry in 1886 did not analyze the problem 
of the lagging industry in the broader context of the general economic 
depression, much less in terms of the state of technology and technical 
education. The fact that more significant technological advances in 
electric lighting were being made in England during these doldrums 
than in the U.S. A. and that a Royal Commission found British higher 
technical education superior to the American constituted a paradox 
in the face of American progress in electric lighting, but the Act, 
nevertheless, was considered the thing. Finally, Parliament in 1888 
amended the Electric Lighting Act along lines suggested by private 
companies. Capital moved into central station projects again, and 
Britishers felt less anxious when confronted by reports of hundreds 
of central stations in America. Engineers spoke confidently of plans 
for bold innovations. In 1888 then, Britain, still thought of as the 
world’s leading industrial power, apparently stood poised and ready 
to close the electric-lighting gap. Yet a decade after the amendment 
of the Electric Lighting Act and the optimism of 1888, England’s 
authoritative Institution of Electrical Engineers could state, “ Notwith- 
standing that our countrymen have been among the first in inventive 
genius in electrical science, its development in the United Kingdom is 
in a backward condition.” The causes for the lag seem to have been 
more complex than the government’s legislation of 1882. The causes 
may have been as complex—and nebulous—as, for example, that sug- 
gested then by one British electrical engineer who wrote of two 
definitions of inertia: the British—resistance to motion; and the Ameri- 
can—resistance to stopping. 

In his remarks on Daum’s paper, Bern Dibner (Chairman of the 
Board, Burndy Corporation) pointed out that the petroleum industry 
gave mankind not only a new source of illumination, lubrication, and 
medicinals, but also “ packaged power,” the greatest source of energy 
available today—ali of this in only a century of development. Napoleon’s 
dictum, “ An army moves on its stomach,” is reflected in the mobility 
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of mankind, expanding his penetration over the face of the globe, and 
greatly increasing his speed of transportation and his sense of personal 

ower. Once exposed to a tractor, man can never again be “ the man 
with the hoe.” Commenting on Hughes’ paper, Dr. Dibner emphasized 
that the doldrum in which electrical development in England found 
itself between 1882 and 1886, was not technological in character but 
sociological. The normal conflicts between expansion and regulation, 
investment and reward, obsolescence and replacement, public versus 
private development—these are social factors that promote or hinder 
industrial development. Technological development continued con- 
currently because the improvement of the transformer (invented in 
1881) made long distance transmission possible, as well as the economies 
of distribution. Both papers omitted reference to the temporary com- 
petitive advantage of the Welsbach burner in the field of illumination. 
The point was also made that, again for sociological reasons, the 
development of the London electrical system was such that in 1926, 
with the imposition of the national Electrical Grid, in metropolitan 
London alone it was necessary to replace seventeen systems of voltage 
and frequency that had grown up on a parish basis. 

The social—and scholarly—highlight of the annual meeting was the 
presidential address by Dr. Lynn White, jr. at the luncheon held at 
the Belmont Plaza Hotel on Thursday, December 29. His address 
is reprinted in its entirety in this issue of Technology and Culture. 
Carl W. Condit (Northwestern University) was toastmaster at the 
luncheon gathering. 

Preston R. Bassett (former president, Sperry Gyroscope Corpora- 
tion) presided at the session on “ Automation ” on Thursday afternoon, 
another joint session with Sections L and M of the AAAS. James B. 
Bright (Harvard Graduate School of Business Administration) spoke 
on “The Development of Automation as a Concept and Technical 
fact.” Employing a historical approach, Professor Bright documented 
the origin of the term “ automation ” and cited the exaggerated claims 
of the 1950’s, from Norbert Wiener to the many companies who 
claimed that they were fully automated. He then proceeded to 
“debunk” these claims by facts and figures obtained firsthand by 
visiting the “automated” plants; he found that the elimination of 
manpower was in no case as drastic as claimed. He concluded that 
automation is more evolutionary than revolutionary. 

John Diebold (John Diebold and Associates, New York), speaking 
on “ Automation as a Historical Development,” approached the subject 
from the point of view of a management consultant interested in the 
future applications of automation in industrial organizations. He listed 
the high points in the development of automation, in order to use them 
as guideposts for predicting the future. Then, starting with the high 
speed computer, he predicted the effects of automation not only in 
the production departments, but also in the planning, marketing, and 








212 Organizational Notes 


management departments. Mr. Diebold brought out the fact that 
industrial corporations will have to make fundamental changes in 
organization if they wish to take advantage of the new computing tools 
put at their disposal. A. J. Jaffe (Director, Manpower and Population 
Program, Bureau of Applied Social Research, Columbia University), 
commented on the Bright and Diebold papers, and a lively discussion 
ensued, revolving around the sociological effects of automation rather 
than on the specific technological changes which might be anticipated. 

The Society was involved in two programs on Friday, December 30. 
One was a joint panel with Section B (Physics) and Section M of 
the American Association for the Advancement of Science on “ The 
Place of Nuclear Engineering in the University Curriculum.” John 
W. Healy (General Electric Co., New York) presided over a spirited 
discussion among the four panel members: Thomas B. Drew (Columbia 
University), Irving Kaplan (Massachusetts Institute of Technology); 
John Lamarsh (Cornell University), and V. Lawrence Parsegian (Rens- 
selaer Polytechnic Institute). Nuclear Engineering was generally de- 
fined as the branch of engineering involved with nuclear processes, 
and the nuclear engineer as one with overall competence in these 
processes. There were differences among the panel members regarding 
the distinct character of nuclear engineering as opposed to the great 
scope and depth in the curricula in physics and chemical, mechanical, 
and metallurgical engineering, particularly in the undergraduate cur- 
ricula. There was general agreement, however, that departments of 
nuclear engineering have a definite field of usefulness in the graduate 
area. 

A full-day symposium, co-sponsored by Section L of the AAAS, 
was the second program of the Society on Friday, December 30. 
Entitled “Patents and the Advancement of Knowledge,” this sym- 
posium was an outgrowth of the controversy on “Inventing and 
Patenting ” which appeared in the Summer 1960 issue of Technology 
and Culture. J. William Hinkley (president, Research Corporation, 
New York) presided over the first session, and John W. Streeter 
(American Patent Reports Bulletin, Streeter Associates, Philadelphia) 
opened the symposium with remarks on the purpose and objectives of 
the discussion. Speaking as an inventor in his own right, Jacob Rabinow 
(Rabinow Engineering Co., Washington, D.C.), spoke on the value 
of the patent system as seen through the eyes of an inventor, coupling 
this with a philosophical dissertation on the motivations of the true 
inventor. The patent system acts as a “carrot” to keep the inventor 
striving, and he claimed that the U.S. patent system “is perhaps the 
finest in the world” and that those who propose to tinker with it 
should take care lest they interfere with the flow of useful inventions. 
Invention, he said, “is largely a random process, both in its initial 
conception and in its final successful application.” 

Richard P. McGrail (Deputy Executive Vice President, American 








en = 








mam ohn em ff SS at ee Oe ~ nH eet © A OD aA wnnDn A wet Se ee 


ma htlUlUlktwlCr er llUCUllCOlCUllCO ell elie Cel 


as. 





—~—~- 





Organizational Notes 213 


Cancer Society) spoke not as an expert on patent law but as one who 
had a hand in the shaping of policies of a non- -profit organization 
which aims to stimulate discoveries and inventions in a particular field. 
He emphasized that the American Concer Society insists on control 
over the patents on inventions made as a result of research work 
supported by its grants; the motivation for so doing is to use the 
advantages of the patent system to assure the full development of 
such discoveries for the benefit of the public, but without the payment 
of royalties to the Society. 

Johan Bjorksten (Bjorksten Research Laboratories, Houston, Texas, 
and Madison, Wisconsin, and president-elect of the American Institute 
of Chemists) also represented the viewpoint of the inventor. He 
addressed himself to certain problems in the patent system relating 
particularly to the chemical field. With the aid of statistics, he showed 
that technology in those various disciplines stimulated by the patent 
system had advanced more rapidly than in those where the adv antages 
of the patent system were either unavailable or were not broadly used. 

Melvin Kranzberg (Case Institute of Technology) was chairman of 
the second part of the symposium wherein S. Colum Gilfillan (research 
sociologist, Chicago) and I. Jordan Kunik (patent attorney, New 
a expatiated on their points of view presented in the controversy 

“Inventing and Patenting ” in the Summer 1960 issue of Technology 
- Culture. Dr. Gilfillan presented a chart showing how the curves 
of the indices which he employed for inventive activity rose in parallel 
fashion at a much greater rate than did patents; Mr. Kunik claimed 
that the indices employed by Dr. Gilfillan did not represent a true 
measure of inventive activity. 

Robert L. Johnson (Chancellor, Temple University) presided over 
the final session of the symposium, where Fritz Machlup (Princeton 
University) and Charles C. Price (University of Pennsylvania) de- 
livered papers. Dr. Machlup spoke on the economic factors in the 
patent system, and Dr. Price spoke on the patent system as it related 
to special problems in the field of chemistry. The symposium was 
closed by Robert C. Watson (Commissioner, United States Patent 
Office), who was introduced by Rudolph F. Bannow (president, Na- 
tional Association of Manufacturers). Mr. Watson spoke of some of 
the developments which have occurred in the U. S. Patent Office 
during his tenure as Commissioner and expressed his satisfaction at 
the lively interest in the functioning and objectives of the patent 
system as manifested by the controversy in Technology and Culture 
and by the discussions at the symposium. 

Many of the papers presented in the course of the Society’s program 
will appear in forthcoming issues of Technology and Culture. At the 
annual business meeting, the Society voted its thanks to the Program 
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Committee which had arranged this stimulating program: Carl W. 
Condit, chairman; John W. Streeter; Thomas P. Hughes.* 


Business Notes 


A full report of the 1960 Annual Meeting of the Society, held at 
the Belmont Plaza Hotel, December 29, 1960, is contained in the News- 
letter recently sent to all members. Among the highlights were: the 
formation of a Public Relations Committee (consisting of L. Scott 
Bailey, Charles R. Walker, and Cyril Stanley Smith); plans for an 
augmented membership campaign to bring the Society to the attention 
of engineering academicians; discussion of a development program to 
assure the continued growth of the Society; the establishment of awards 
for outstanding articles in the history of technology; and the announce- 
ment of the monograph series to supplement Technology and Culture. 
Melvin Kranzberg will be Editor-in-Chief of the monograph series, 
and Cyril Stanley Smith and Robert S. Woodbury will serve as Editors. 
The Editorial Committee of the Society is being enlarged to include 
the Editors of the monograph series as well as the Editors of Tech- 
nology and Culture. Carl W. Condit was elected an Editor of the 
quarterly journal to replace Lynn White, jr., who resigned from that 
post because of his duties as president of the Society. 

According to the constitution of the Society, First Vice-President 
Lynn White, jr. became President on the death of Dr. David B. Stein- 
man, and Dr. Mervin J. Kelly moved from Second to First Vice- 
President. To replace Dr. Kelly, Cyril Smith was elected Second Vice- 
President. Professor of Metallury at the University of Chicago, Dr. 
Smith was formerly director of that university’s Institute for the 
Study of Metals. From 1946-1952, he was a member of the General 
Advisory Commission of the U.S. Atomic Energy Commission; he 
is currently a member of the Materials Advisory Board and the Presi- 
dent’s Science Advisory Committee. He has received the Mathewson 
Medal of the American Institute of Mining Engineers and the Clamer 
Medal of the Franklin Institute. He has published widely in the science 
of metals and the history of metallurgy. His latest volume is A History 
of Metallography (1960). Melvin Kranzberg (Case Institute of Tech- 
nology) and Robert S. Woodbury (Massachusetts Institute of Tech- 
nology) were re-elected Secretary and Treasurer respectively. 

Three men were elected to the Executive Council for the term ending 
December 31, 1963: Bern Dibner, Lewis Mumford, and John B. Rae. 
Dr. Dibner is president of the Burndy Corporation and founder of 
the Burndy Library in the History of Science. An outstanding in- 
dustrialist, he has written valuable scholarly studies in the history of 
science and technology. His latest books are The Atlantic Cable (1958) 


* These program notes were prepared with the cooperation of Harry Broder, 
Lynn White, jr., Sidney Withington, Preston R. Bassett, C. E. Davies, and 
J. William Hinkley. 
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and Darwin of the Beagle (1960). Mr. Mumford is Ford Research 
Professor at the Institute of Urban Studies of the University of Penn- 
sylvania. He is well known as a social and literary critic. His book 
Technics and Civilization is considered a classic in the history of tech- 
nology as well as of social thought. Professor of History at Harvey 
Mudd College (Claremont, California), Dr. Rae was active in founding 
the Society for the History of Technology and has served on the 
Executive Council and as chairman of the Nominating Committee. 
Dr. Rae is author of American Automobile Manufacturers: The First 
Forty Years (1959) and is now working on a history of the aircraft 
industry. 

Elected to Corresponding Membership was Dr. Friedrich Klemm, 
Librarian of the Deutsches Museum in Munich and Professor at the 
University of Munich. Dr. Klemm has long been active in the study 
of the development of technology, and the Deutsches Museum is one 
of the world’s great technological history centers. His History of 
Western Technology was recently published in the United States. 
Corresponding membership is limited to persons not living in the 
United States or Canada who have done distinguished scholarly work 
in, or rendered eminent service to, the study of the development of 
technology and its relations with society and culture. With the recent 
death of Dr. Charles Singer, there are only two other Corresponding 
Members of the Society: Dr. R. J. Forbes of Amsterdam and Dr. 
Joseph Needham of Cambridge, England. 

Elections were also held for new members of the Advisory Council. 
For the term ending December 31, 1963, the following were elected: 
Dr. Robert E. Carlson, Assistant Professor of History at the University 
of Pittsburgh, who has done much scholarly work in the field of 
American and British railway history and who has done valiant service 
as secretary of the Society’s Membership Committee; Mr. Leo Dolkart, 
a consulting electrical engineer in Chicago, editor of the official publi- 
cation of the Chicago Technical Societies’ Council, the author of 
numerous articles in technical journals, and the chairman of the Local 
Arrangements Committee for the Society’s 1959 meeting; Dr. G. G. 
Meyerhof, head of the Civil Engineering Department of the Nova 
Scotia Technical College in Halifax, Nova Scotia, Canada; Dr. Stanley 
M. Pargellis, Director of the Newberry Library, Chicago, who has 
done much to promote the study of many branches of history, as well 
as being a first-rate historical scholar himself, and who has served on 
the Executive Council of the Society. For the term ending Decem- 
ber 31, 1964, the following were elected: Dr. L. M. K. Boelter, Dean 
of the College of Engineering of the University of California (Los 
Angeles), and prominent in the advancement of engineering education, 
having won the Lamme Award of the American Society for Engi- 
neering Education and the Medal of the American Society of Mechani- 
cal Engineers; John Diebold, of New York City, one of America’s 
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top industrial consultants and a specialist in the field of automation, on 
which he has written widely; Dr. Nathan Reingold of the Library of 
Congress and one of the world’s greatest experts on the bibliographical 
material in technological history; and Dr. James G. Miller, Professor 
of Psychiatry and Psychology and Director of the Mental Health 
Research Institute at the University of Michigan. For the term ending 
December 31, 1965: Mr. Cyril Bath, philanthropist and industrialist 
(Cyril Bath Company) of Solon, Ohio, pioneer maker of radial draw- 
forming machines used in production of aircraft, jet engines, and 
guided missiles, and inventor of the stretch-forming technique which 
combines stretch and standard drawing operations; Dr. Denis I. Duveen 
of the Duveen Soap Corporation (New York), who has written widely 
in the history of chemical technology and who was awarded the 1960 
Dexter Award in the History of Chemistry by the American Chemical 
Society; Mr. Everett DeGolyer, Jr., of Dallas, Texas, secretary of the 
DeGolyer Foundation, and book collector and scholar in the tech- 
nological development of railways and steamships; Dr. James Kip 
Finch, Dean Emeritus of the College of Engineering of Columbia 
University, and author of Engineering in Western Civilization and 
A History of Engineering, Hunter Hughes, of St. Joseph, Michigan, 
editor of Consulting Engineering, one of the outstanding publications 
in its field; Dr. Jerome C. Hunsaker, Professor Emeritus of Aero- 
nautical Engineering at Massachusetts Institute of Technology, designer 
of the aircraft Shenandoah and the flying boat NC4 (first to fly the 
Atlantic), a former executive of the Bell Laboratories and the Goodyear- 
Zeppelin Corporation, and winner of the Guggenheim Medal, the 
Wright Brothers Memorial Trophy, and many decorations and awards 
from the U.S. and foreign governments; Morrough P. O’Brien, Dean 
Emeritus of the College of Engineering of the University of California 
(Berkeley), and an outstanding consulting engineer and engineering 
educator. 

Responsible for much of the success of the Society’s meeting was 
the Local Arrangements Committee, consisting of Theodore B. Merrill 
(chairman), L. Scott Bailey, and I. Jordan Kunik. 

The 1961 Annual Meeting of the Society will be held in Washington, 
D.C., where two sister organizations, the American Historical Asso- 
ciation and the History of Science Society, will also be meeting in the 
week after Christmas. 








Announcements 


The Xth International Congress of the History of Science will be 
held at Cornell University, Ithaca, New York from 26 August to 31 
August 1962 and at The American Philosophical Society, Philadelphia, 
Pennsylvania from 31 August to 2 September 1962. 

Communications on the following subjects are invited, and will be 
assigned to the appropriate sections: 


I. General problems in the history of science; methods, philos- 
ophy and historiography of science 

II. History of Technology and Applied Science 

III. Science in Antiquity 

IV. Science in the Middle Ages and the Renaissance 

V. Mathematics and the Exact Sciences after 1600 
1. History of mathematics 
2. History of physics and astronomy 
3. History of chemistry (including pharmacy) 

VI. Biological and Earth Sciences after 1600 
1. Natural history and biology (including medical biology) 
2. Geography, exploration, geology and oceanography 

VIi. Sciences of Man (psychology, anthropology, sociology, lin- 

guistics). 

Oral presentation of these papers will be strictly limited to 15 minutes. 
An abstract, not to exceed 200 words, must be submitted in a clean 
typescript (suitable for reproduction) to the Secretary of the Congress 
no later than 1 May 1962. No paper may be read for the author in 
absentia. For publication in the Actes of the Congress, a finished type- 
script must be handed to the Secretary immediately after the session 
at which the paper is read. It must not exceed 1500 words in length. 
It is not necessary to present a paper in order to participate in the 
Congress. 


Official Languages 


Communications must be presented in French or English according 
to a provision of the General Assembly of the Division of the History 
of Science of the International Union of the History and Philosophy 
of Science. If a scholar wishes to communicate in some other language, 
he should submit by 1 July 1962 a full translation of his paper, which 
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can be read for him in his presence. He may reply from the floor in 
his chosen language, and where possible arrangements will be made 
to translate his remarks. Those desiring translation facilities must give 
adequate notice to the Secretary of the Congress. 


Registration Fee 


The fee for participants is $12.; and for each member of the family 
accompanying participants, $5. Participants will receive the Actes of 
the Congress. 


Future bulletins will be sent only to those who have written to the 
Secretary expressing their interest in the Congress. Please address all 
inquiries to the Secretary of the Congress: Dr. C. Doris Hellman, 
Xth International Congress of the History of Science, Cornell Univer- 
sity, Ithaca, N. Y. 








